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Progress Since the First Report to Congress
in Cooperation With the Great Waters Program

� Initiation of a comprehensive mass balance model of
Lake Michigan, for which results will estimate relative
loadings, with the methodology to be adapted and
applied to other waterbodies;

� Improved and refined source emission inventories for
pollutants of concern;  

� Formal policy commitment of the U.S. and Canadian
governments to address Virtual Elimination of
Persistent Toxic Substances in the Great Lakes;

� Increased monitoring and modeling studies in progress
at the specific waterbodies;

� State-of-the-art air quality modeling of nitrogen
sources, transport, and deposition to the Chesapeake
Bay watershed;

� Increased activities at the coastal waters including
development and implementation of monitoring studies,
comprehensive pollution prevention plans, and
management programs;

� Understanding that atmospheric deposition contributes
significantly to excessive nitrogen loads in 13 of the 14
studied estuaries along the East and Gulf coasts; and

� Numerous programs and activities that are funded and
supported by the Great Waters program.
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7KLV�UHSRUW�DIILUPV�DQG�SURYLGHV�DGGHG�VXSSRUW�IRU�WKH�ILQGLQJV�RI�WKH�)LUVW�5HSRUW�WR
&RQJUHVV�WKDW��IRU�VWXGLHG�*UHDW�:DWHUV��DWPRVSKHULF�GHSRVLWLRQ�RI�WR[LF�SROOXWDQWV�DQG�H[FHVVLYH
QLWURJHQ�LV�RIWHQ�DQ�LPSRUWDQW�IDFWRU�DIIHFWLQJ�WKH�HQYLURQPHQWDO�FRQGLWLRQV�RI�WKHVH�ZDWHUERGLHV
DQG�FDQ�FRQWULEXWH�WR�DGYHUVH�HFRORJLFDO�DQG�KXPDQ�KHDOWK�HIIHFWV���0RUHRYHU��WKH�FRQWULEXWLRQ
RI�DWPRVSKHULF�GHSRVLWLRQ�FDQ�EH�VLJQLILFDQW�DV�SDUW�RI�WKH�WRWDO�ORDGLQJ�IRU�PDQ\�ZDWHUERGLHV��
)RU�WKH�IUHVKZDWHUV��VXFK�DV�WKH�*UHDW�/DNHV�DQG�/DNH�&KDPSODLQ��PHWDOV��RUJDQLF�FRPSRXQGV�
DQG�SHVWLFLGHV�UHOHDVHG�LQWR�WKH�DWPRVSKHUH�KDYH�EHHQ�PHDVXUHG�LQ�VLJQLILFDQW�TXDQWLWLHV�QHDU
WKHVH�ZDWHUERGLHV��DQG�WKHLU�GHSRVLWLRQ�KDV�EHHQ�PHDVXUHG�RU�FDOFXODWHG���)RU�&KHVDSHDNH�%D\
DQG�PDQ\�RWKHU�8�6��FRDVWDO�ZDWHUV��WKH�LPSDFW�RI�DWPRVSKHULF�GHSRVLWLRQ�LV�QRW�RQO\�IURP�WR[LF
SROOXWDQW�UHOHDVHV��EXW�DOVR�IURP�LQSXWV�RI�QLWURJHQ�FRPSRXQGV�WKDW�FRQWULEXWH�WR�HXWURSKLFDWLRQ
�DQ�RYHUDEXQGDQFH�RI�QXWULHQWV�LQ�D�ZDWHUERG\����6LJQLILFDQW�DWPRVSKHULF�ORDGLQJV�IRU�ERWK
QLWURJHQ�DQG�WR[LF�SROOXWDQWV�KDYH�EHHQ�GHWHUPLQHG�IRU�FHUWDLQ�HVWXDULHV�

6LQFH�WKH�)LUVW�5HSRUW�WR�&RQ�
JUHVV��VLJQLILFDQW�SURJUHVV�KDV�EHHQ
PDGH�WR�LQFUHDVH�RXU�NQRZOHGJH�RI
DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW
:DWHUV��VHH�VLGHEDU�VXPPDU\����$V
KLJKOLJKWHG�LQ�WKLV�UHSRUW��JUHDWHU�DWWHQ�
WLRQ�KDV�EHHQ�SODFHG�RQ�PRQLWRULQJ�DQG
PRGHOLQJ�DWPRVSKHULF�GHSRVLWLRQ�DW�WKH
LQGLYLGXDO�*UHDW�:DWHUV��ZLWK�PDQ\�RI
WKHVH�VWXGLHV�IXQGHG�RU�VXSSRUWHG�E\
(3$
V�*UHDW�:DWHUV�SURJUDP���4XDQWLWD�
WLYH�LQIRUPDWLRQ�KDV�FRQWLQXHG�WR�EH
JDWKHUHG�RQ�WKH�DWPRVSKHULF�OHYHOV�RI
SROOXWDQWV�DQG�WKHLU�GHSRVLWLRQ�WR�WKH
*UHDW�:DWHUV���0RQLWRULQJ�VWXGLHV�KDYH
EHHQ�FRQGXFWHG�WR�SURYLGH�ZDWHUERG\�
VSHFLILF�GDWD�RQ�GHSRVLWLRQ�DQG�WKH
UHODWLYH�FRQWULEXWLRQ�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�WRWDO�ORDGLQJV��DV�ZHOO�DV
WR�GHYHORS�DQG�LPSURYH�PHDVXUHPHQW
DQG�PRGHOLQJ�PHWKRGV���0RUHRYHU��WKH
ILQGLQJV�IURP�WKH�LQYHVWLJDWLRQ�RI�RQH
ZDWHUERG\�DUH�H[SHFWHG�WR�OHDG�WR�D
PRUH�LQIRUPHG�RU�HIILFLHQW�DVVHVVPHQW
RI�DWPRVSKHULF�GHSRVLWLRQ�DQG�LWV
HIIHFWV�IRU�RWKHU�ZDWHUERGLHV�

%DVHG�RQ�WKH�VFLHQWLILF
LQIRUPDWLRQ�FXUUHQWO\�DYDLODEOH��(3$
FRQWLQXHV�WR�VXSSRUW�WKH�WKUHH�EURDG
FRQFOXVLRQV�SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�UHJDUGLQJ�SRWHQWLDO�DGYHUVH�HIIHFWV��UHODWLYH
DWPRVSKHULF�ORDGLQJV��DQG�VRXUFHV�RI�DWPRVSKHULF�GHSRVLWLRQ�
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® $GYHUVH�HIIHFWV��H�J���FDQFHU�DQG�GHYHORSPHQWDO�HIIHFWV��WKDW�WKH�*UHDW�:DWHUV�SROOXWDQWV
RI�FRQFHUQ�FDQ�FDXVH�LQ�KXPDQV�DQG�ZLOGOLIH�DUH�IDLUO\�ZHOO�XQGHUVWRRG���+RZHYHU��GDWD
DUH�LQVXIILFLHQW�DW�WKLV�WLPH�WR�HVWDEOLVK�WKH�OLQNDJH�EHWZHHQ�DWPRVSKHULF�GHSRVLWLRQ�RI
WKHVH�SROOXWDQWV�DQG�DGYHUVH�HIIHFWV�

® $WPRVSKHULF�GHSRVLWLRQ�FDQ�EH�D�VLJQLILFDQW�FRQWULEXWRU�RI�WR[LF�FKHPLFDOV�DQG�QLWURJHQ
FRPSRXQGV�WR�WKH�*UHDW�:DWHUV���7KH�UHODWLYH�LPSRUWDQFH�RI�DWPRVSKHULF�ORDGLQJ�IRU�D
SDUWLFXODU�FKHPLFDO�LQ�D�JLYHQ�ZDWHUERG\�GHSHQGV�RQ�PDQ\�IDFWRUV��LQFOXGLQJ�FKDUDFWHULV�
WLFV�RI�WKH�ZDWHUERG\��SURSHUWLHV�RI�WKH�FKHPLFDO��DQG�WKH�NLQG�DQG�DPRXQW�RI�DWPR�
VSKHULF�RU�ZDWHU�GLVFKDUJHV��DLUERUQH�RU�ZDWHUERUQH��

® $LUERUQH�HPLVVLRQV�IURP�ORFDO�DV�ZHOO�DV�GLVWDQW�VRXUFHV�FRQWULEXWH�SROOXWDQW�ORDGLQJV�WR
ZDWHUV�WKURXJK�DWPRVSKHULF�GHSRVLWLRQ���'HWHUPLQLQJ�WKH�UHODWLYH�UROHV�RI�SDUWLFXODU
VRXUFHV�³�ORFDO��UHJLRQDO��QDWLRQDO�DQG�SRVVLEO\�JOREDO�³�WKDW�FRQWULEXWH�VLJQLILFDQW
GHSRVLWLRQ�WR�VSHFLILF�ZDWHUERGLHV�LV�FRPSOH[��UHTXLULQJ�FDUHIXO�PRQLWRULQJ��DWPRVSKHULF
PRGHOLQJ��DQG�RWKHU�DQDO\WLFDO�WHFKQLTXHV��

,Q�DGGLWLRQ�WR�WKHVH�FRQFOXVLRQV��(3$�DOVR�UHDIILUPV�LWV�VXSSRUW�IRU�WKH�WKUHH�PDMRU
VWUDWHJLF�WKHPHV�GHYHORSHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��ZKLFK�SURYLGH�D�EURDG�VFRSH�IRU
UHFRPPHQGDWLRQV�IRU�DFWLRQ�

��� (3$�ZLOO�FRQWLQXH�RQJRLQJ�HIIRUWV�WR�LPSOHPHQW�VHFWLRQ�����DQG�RWKHU�VHFWLRQV�RI�WKH
&$$�DQG�XVH�UHVXOWV�IURP�WKLV�UHSRUW�LQ�WKH�GHYHORSPHQW�RI�SROLF\�WKDW�ZLOO�UHGXFH
HPLVVLRQV�RI�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�

��� (3$�UHFRJQL]HV�WKH�QHHG�IRU�DQ�LQWHJUDWHG�PXOWLPHGLD�DSSURDFK�WR�WKH�SUREOHP�RI
DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�ZDWHUERGLHV�DQG�ZLOO�FRQWLQXH�WR�SXUVXH�LPSOH�
PHQWDWLRQ�RI�SURJUDPV�DYDLODEOH�XQGHU�YDULRXV�IHGHUDO�ODZV�WR�UHGXFH�WKH�KXPDQ�DQG
HQYLURQPHQWDO�H[SRVXUH�WR�SROOXWDQWV�RI�FRQFHUQ�

��� (3$�LV�FRPPLWWHG�WR�VXSSRUWLQJ�UHVHDUFK�DFWLYLWLHV�WKDW�DGGUHVV�WKH�JRDOV�RI�&$$�VHFWLRQ
����P���

,Q�WKLV�FKDSWHU��6HFWLRQ�9�$�GLVFXVVHV�(3$
V�DVVHVVPHQW�RI�WKH�IDFWRUV�OLVWHG�LQ�&$$
VHFWLRQV�����P�����$��WKURXJK��(����7KLV�DVVHVVPHQW�LV�EDVHG�RQ�WKH�VFLHQWLILF�LQIRUPDWLRQ
VXPPDUL]HG�LQ�WKLV�UHSRUW��DV�ZHOO�DV�WKH�ILQGLQJV�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV���6HFWLRQ�9�%
GLVFXVVHV�IXWXUH�GLUHFWLRQV�DQG�DFWLRQV�WKDW�(3$�DQWLFLSDWHV�IRU�WKH�*UHDW�:DWHUV�SURJUDP�

6HFWLRQ�9�&�VXPPDUL]HV�(3$
V�GUDIW�GHWHUPLQDWLRQV�XQGHU�VHFWLRQ�����P������ZKLFK�
DUH�EHLQJ�SXEOLVKHG�VHSDUDWHO\�LQ�WKH�)HGHUDO�5HJLVWHU���(3$�DOVR�PXVW�FRQVLGHU�XQGHU�VHFWLRQ
����P�����WZR�TXHVWLRQV�FRQFHUQLQJ�WKH�DGHTXDF\�RI�WKH�DXWKRULW\�XQGHU�SURYLVLRQV�RI�VHFWLRQ
����DQG�WKH�SRVVLEOH�QHHG�IRU�IXUWKHU�VWDQGDUGV�RU�FRQWURO�PHDVXUHV���8QGHU�WKH�WHUPV�RI�D
FRQVHQW�GHFUHH�HQWHUHG�LQ�6LHUUD�&OXE�Y��%URZQHU��&LY��1R�����������(3$�LV�WR�LVVXH�GUDIW�GHWHU�
PLQDWLRQV�IRU�SXEOLF�QRWLFH�DQG�FRPPHQW�E\�-XQH�����������DQG�ILQDO�GHWHUPLQDWLRQV�E\�0DUFK����
�������

® (3$�LV�UHTXLUHG�WR�GHWHUPLQH�ZKHWKHU�WKH�RWKHU�SURYLVLRQV�RI�VHFWLRQ�����DUH�DGHTXDWH�WR
SUHYHQW�VHULRXV�DGYHUVH�HIIHFWV�WR�SXEOLF�KHDOWK�DQG�VHULRXV�RU�ZLGHVSUHDG�HQYLURQPHQWDO
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HIIHFWV�DVVRFLDWHG�ZLWK�DWPRVSKHULF�GHSRVLWLRQ�RI�KD]DUGRXV�DLU�SROOXWDQWV��+$3V��WR�WKH
*UHDW�/DNHV��WKH�&KHVDSHDNH�%D\��/DNH�&KDPSODLQ��DQG�FRDVWDO�ZDWHUV���

® %DVHG�RQ�WKH�LQIRUPDWLRQ�DYDLODEOH�LQ�WKLV�UHSRUW�DQG�RQ�WKH�GHWHUPLQDWLRQ�UHJDUGLQJ�WKH
DGHTXDF\�RI�VHFWLRQ�����DXWKRULW\��ZKLFK�LV�VSHFLILF�WR�+$3V���(3$�PXVW�DOVR�GHWHUPLQH
ZKHWKHU�DGGLWLRQDO�HPLVVLRQV�VWDQGDUGV�RU�FRQWURO�PHDVXUHV�XQGHU�VHFWLRQ�����P�����
EH\RQG�WKRVH�RWKHUZLVH�DXWKRUL]HG�RU�UHTXLUHG�E\�VHFWLRQ������DUH�QHHGHG�WR�SUHYHQW
VXFK�HIIHFWV�IURP�DWPRVSKHULF�GHSRVLWLRQ��LQFOXGLQJ�HIIHFWV�GXH�WR�ELRDFFXPXODWLRQ�DQG
LQGLUHFW�H[SRVXUH�SDWKZD\V�

9�$ 5HSRUWLQJ�RQ�WKH�5ROH�RI�$WPRVSKHULF�'HSRVLWLRQ�WR�WKH�*UHDW�:DWHUV
DQG�6SHFLILF�$FWLRQV�3URSRVHG

$V�VWDWHG�LQ�WKH�&$$��(3$�LV�UHTXLUHG�WR�DVVHVV�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV�RQ�VHYHUDO�LVVXHV��OLVWHG�EHORZ����:KLOH�WKHVH�LVVXHV�KDYH�EHHQ
GLVFXVVHG�DW�OHQJWK�DW�YDULRXV�SODFHV�LQ�WKH�ERG\�RI�WKLV�UHSRUW��WKLV�VHFWLRQ�VXPPDUL]HV�(3$
V
HIIRUWV�WR�DGGUHVV�WKHVH�ILYH�HOHPHQWV���

� 3ROOXWDQW�ORDGLQJV�³�VHFWLRQ�����P�����$���

� (QYLURQPHQWDO�DQG�SXEOLF�KHDOWK�HIIHFWV�³�VHFWLRQ�����P�����%���

� 3ROOXWDQW�VRXUFHV�³�VHFWLRQ�����P�����&����

� ([FHHGDQFHV�RI�ZDWHU�TXDOLW\�RU�GULQNLQJ�ZDWHU�VWDQGDUGV�³�VHFWLRQ�����P�����'��
DQG

� 'HVFULSWLRQ�RI�DQ\�QHFHVVDU\�UHYLVLRQV�WR�UHTXLUHPHQWV��VWDQGDUGV��DQG�OLPLWDWLRQV
SXUVXDQW�WR�WKH�&$$�DQG�RWKHU�IHGHUDO�ODZV�³�VHFWLRQ�����P�����(��

&RQWULEXWLRQ�RI�$WPRVSKHULF�'HSRVLWLRQ�WR�3ROOXWDQW�/RDGLQJV�LQ�WKH�*UHDW
:DWHUV

$�VXEVWDQWLDO�DPRXQW�RI�VFLHQWLILF�LQIRUPDWLRQ�KDV�GHPRQVWUDWHG�WKDW�DWPRVSKHULF
GHSRVLWLRQ�FRQWULEXWHV�WR�SROOXWDQW�ORDGLQJV�LQ�WKH�*UHDW�:DWHUV���,Q�DQG�DURXQG�WKH�*UHDW�/DNHV�
VWXGLHV�KDYH�VKRZQ�WKDW�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�RI�SHUVLVWHQW�KD]DUGRXV�FKHPLFDOV
RFFXUV�DQG�LV�VLJQLILFDQW�LQ�WKH�RYHUDOO�LQSXWV�WR�WKH�ODNHV���7KH�*UHDW�:DWHUV�SURJUDP�KDV
IRFXVHG�RQ�D�VHW�RI�FKHPLFDOV�WKDW�VKRZ�SHUVLVWHQFH�LQ�WKH�HQYLURQPHQW��WHQGHQF\�WR�DFFXPXODWH
LQ�DQLPDO�WLVVXH��DQG�WR[LFLW\�WR�KXPDQV�DQG�RWKHU�DQLPDOV���'DWD�IURP�VHYHUDO�VWXGLHV�RI�WKH
ODNHV
�ZDWHUV��VHGLPHQWV��ILVK��DQG�ZLOGOLIH��VKRZ�D�JHQHUDO�GHFUHDVH�LQ�FRQFHQWUDWLRQV�RI
SHUVLVWHQW�WR[LFV�GXULQJ�WKH�����V�DQG�����V���7KHVH�GHFOLQHV�KDYH�UHVXOWHG�IURP�PDQ\�HIIRUWV
WDNHQ�WR�UHGXFH�GLVFKDUJHV�WR�ERWK�DLU�DQG�ZDWHU�RI�SRWHQWLDOO\�KDUPIXO�FKHPLFDOV��ZKLFK
LQFOXGHG�WKH�SROOXWDQWV�RI�FRQFHUQ����$OVR��VRPH�RI�WKHVH�GHFOLQHV�PD\�EH�DWWULEXWHG�WR
VLJQLILFDQWO\�UHGXFHG�XVH�RU�FDQFHOHG�UHJLVWUDWLRQV�RI�SHUVLVWHQW�SHVWLFLGHV�LQ�WKH�8QLWHG�6WDWHV��
,Q�WKH�����V��WKH�RYHUDOO�SLFWXUH�RI�SHUVLVWHQW�WR[LFV�LQ�WKH�*UHDW�/DNHV�EDVLQ�VKRZV�PXFK�PRUH
JUDGXDO�GHFOLQH��LI�DQ\��WKRXJK�SDUWLFXODUV�YDU\�IURP�ODNH�WR�ODNH�DQG�DPRQJ�SROOXWDQWV����'XH�WR
OLPLWDWLRQV�LQ�KLVWRULFDO�PRQLWRULQJ�WHFKQLTXHV��FRQVLGHUDEOH�XQFHUWDLQWLHV�H[LVW�IRU�HDUOLHU�GDWD
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DQG�WKXV��GHILQLWLYH�FRQFOXVLRQV�DERXW�DWPRVSKHULF�SROOXWDQW�WUHQGV�DUH�QRW�PDGH�LQ�WKLV�UHSRUW��
4XDQWLWDWLYH�PRQLWRULQJ�GDWD�RI�DWPRVSKHULF�FRQFHQWUDWLRQV�DQG�GHSRVLWLRQ�RI�WKH�SROOXWDQWV�RI
FRQFHUQ�KDYH�EHFRPH�DYDLODEOH�LQ�UHFHQW�\HDUV���,W�LV�DQWLFLSDWHG�WKDW��DV�PRUH�GDWD�EHFRPH
DYDLODEOH��EHWWHU�LQWHUSUHWDWLRQV�DQG�FRQFOXVLRQV�FDQ�EH�PDGH�DERXW�SROOXWDQW�WUHQGV��ZKLFK�LQ
WXUQ�ZLOO�EHWWHU�LQIRUP�(3$�DERXW�WKH�H[WHQW�WR�ZKLFK�DGGLWLRQDO�DFWLRQV�ZLOO�QHHG�WR�EH�WDNHQ�
ZLWK�SRVVLEOH�IRFXV�RQ�LQGLYLGXDO�SROOXWDQWV���0RQLWRULQJ�RI�WR[LFV�DQG�QLWURJHQ�FRPSRXQGV
�QLWUDWHV�DQG�RWKHUV��KDV�DOVR�EHHQ�SHUIRUPHG�LQ�&KHVDSHDNH�%D\�DQG�RWKHU�FRDVWDO�HVWXDULHV�DQG
�ZLWK�D�IRFXV�RQ�PHUFXU\��LQ�/DNH�&KDPSODLQ�

�7KH�,QWHJUDWHG�$WPRVSKHULF�'HSRVLWLRQ�1HWZRUN��,$'1��LV�DQ�RQJRLQJ��ELQDWLRQDO
PRQLWRULQJ�QHWZRUN�WKDW�DVVHVVHV�WKH�PDJQLWXGH�DQG�WUHQGV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH
*UHDW�/DNHV�UHJLRQ�IRU�ZHW�DQG�GU\�GHSRVLWLRQ�DQG�QHW�JDV�H[FKDQJH���5HVXOWV�IURP�WKH�SDVW�IHZ
\HDUV�LQGLFDWH�WKDW�DWPRVSKHULF�GHSRVLWLRQ�RI�VRPH�KD]DUGRXV�SROOXWDQWV�LV�VWLOO�D�FRQFHUQ�IRU�WKH
*UHDW�/DNHV���,Q�VLPLODU�ZRUN��GDWD�KDYH�EHHQ�FROOHFWHG�WKURXJK�WKH�&KHVDSHDNH�%D\
$WPRVSKHULF�'HSRVLWLRQ�6WXG\��&%$'6��RQ�SROOXWDQW�FRQFHQWUDWLRQV�LQ�DLU�DQG�SUHFLSLWDWLRQ��%\
LQFRUSRUDWLQJ�HPLVVLRQV�GDWD�ZLWK�WKHVH�PHDVXUHPHQWV��DWPRVSKHULF�ORDGLQJ�UDWHV�KDYH�EHHQ
HVWLPDWHG���&HUWDLQ�WUDFH�PHWDOV�DSSHDU�WR�EH�GHSRVLWHG�LQWR�WKH�%D\�DV�WR[LF�FRQWDPLQDQWV��
+RZHYHU��LQIRUPDWLRQ�RQ�WR[LF�FRQWDPLQDQW�WUHQGV�LQ�WKH�%D\�LV�QRW�\HW�DYDLODEOH���$W�/DNH
&KDPSODLQ��UHVHDUFKHUV�KDYH�EHHQ�JDWKHULQJ�LQIRUPDWLRQ�RQ�GHSRVLWLRQ�RI�PHUFXU\�WR�WKH�EDVLQ
WR�FKDUDFWHUL]H�WKH�W\SHV�RI�PHUFXU\�GHSRVLWLRQ��JDVHRXV��ZHW��DQG�GU\�SDUWLFXODWH����7R�GDWH��QRW
HQRXJK�LQIRUPDWLRQ�LV�DYDLODEOH�WR�DVVHVV�WUHQGV�IRU�DWPRVSKHULF�PHUFXU\�LQ�WKH�/DNH�&KDPSODLQ
EDVLQ���

5HFHQW�VWXGLHV�RI�VHYHUDO�FRDVWDO�ZDWHUV�KDYH�LQYHVWLJDWHG�WKH�VLJQLILFDQFH�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�WR[LF�SROOXWDQW�ORDGLQJV��DQG�SUHOLPLQDU\�UHVXOWV�VKRZ�WKDW�DWPRVSKHULF�GHSRVLWLRQ
FDQ�FRQWULEXWH�D�VLJQLILFDQW�SRUWLRQ�RI�ORDGLQJV�WR�FRDVWDO�ZDWHUV��H�J���7DPSD�%D\��'HODZDUH�%D\�
0DVVDFKXVHWWV�%D\V��IRU�SROOXWDQWV�VXFK�DV�FDGPLXP��OHDG��PHUFXU\��3$+V��DQG�3&%V���)RU
H[DPSOH��DWPRVSKHULF�GHSRVLWLRQ�RI�FDGPLXP�LV�HVWLPDWHG�WR�FRQWULEXWH����SHUFHQW�RI�WKH�WRWDO
DQQXDO�ORDG��GLUHFW�DQG�LQGLUHFW��WR�7DPSD�%D\�DQG����WR����SHUFHQW�RI�WKH�WRWDO�DQQXDO�ORDG
�GLUHFW��WR�0DVVDFKXVHWWV�%D\V���$WPRVSKHULF�GHSRVLWLRQ��GLUHFW�DQG�LQGLUHFW��KDV�EHHQ�HVWLPDWHG
WR�EH�D�VLJQLILFDQW�FRQWULEXWRU�RI�PHUFXU\�����SHUFHQW��WR�'HODZDUH�%D\���+RZHYHU��WKHUH�DUH
VHYHUDO�UHPDLQLQJ�DUHDV�RI�XQFHUWDLQW\�WR�EH�DGGUHVVHG�UHODWHG�WR�DWPRVSKHULF�GHSRVLWLRQ�RI�WR[LF
FRQWDPLQDQWV�WR�WKH�*UHDW�:DWHUV��LQFOXGLQJ���WKH�ODFN�RI�DFFHSWHG�WHFKQLTXHV�IRU�GLUHFW�
TXDQWLWDWLYH�PHDVXUHPHQW�RI�GU\�SDUWLFXODWH�GHSRVLWLRQ�DQG�WKH�XQNQRZQV�DVVRFLDWHG�ZLWK
LQGLUHFW�ORDGLQJV�RI�SROOXWDQWV��DV�WKH\�UHODWH�WR�ZDWHUVKHG�WUDQVPLVVLRQ�DQG�UHWHQWLRQ�

,QIRUPDWLRQ�RQ�UHODWLYH�ORDGLQJV�IURP�DLU�FRPSDUHG�WR�RWKHU�LQSXWV�RI�WR[LF�FRQWDPLQDQWV
LQ�WKH�*UHDW�:DWHUV�LV�VWLOO�EHLQJ�DVVHVVHG��DOWKRXJK�DGYDQFHV�KDYH�EHHQ�PDGH�LQ�(3$
V�DELOLW\�WR
DGGUHVV�WKLV�LVVXH���$�FRPSUHKHQVLYH�PDVV�EDODQFH�PRGHO�IRU�/DNH�0LFKLJDQ�KDV�EHHQ�LQLWLDWHG�WR
JDWKHU�LQIRUPDWLRQ�RQ�ORDGLQJV�IURP�GLIIHUHQW�SDWKZD\V��LQFOXGLQJ�WKH�DWPRVSKHUH��VHGLPHQW�
ELRWD��DQG�WULEXWDULHV��DV�ZHOO�DV�WR�VWXG\�WKH�YDULDELOLW\�LQ�PDJQLWXGH�RI�DWPRVSKHULF�ORDGLQJV
QHDU�PRUH�XUEDQL]HG�DUHDV�YHUVXV�UXUDO�DUHDV���3UHOLPLQDU\�PRGHOLQJ�UHVXOWV�IURP�WKLV�PDMRU�VWXG\
DUH�DQWLFLSDWHG�LQ�������DQG�ILQDO�UHVXOWV�E\�������ZKLFK�DUH�H[SHFWHG�WR�SURYLGH�D�EHWWHU�XQGHU�
VWDQGLQJ�RI�UHODWLYH�ORDGLQJV�DQG�WKH�PRYHPHQWV�RI�SHUVLVWHQW�SROOXWDQWV�LQ�WKH�HQYLURQPHQW��

1LWURJHQ�GHSRVLWLRQ�KDV�EHHQ�VWXGLHG�IRU�FRDVWDO�HVWXDULHV���,QYHVWLJDWLRQV�KDYH�JDWKHUHG
LQIRUPDWLRQ�RQ�DWPRVSKHULF�GHSRVLWLRQ�HVWLPDWHV�DV�ZHOO�DV�UHODWLYH�ORDGLQJV�WR�WKHVH�ZDWHUV��
&RPSXWHU�PRGHOLQJ�VWXGLHV�IRU�WKH�&KHVDSHDNH�%D\�LQGLFDWH�WKDW�DWPRVSKHULF�GHSRVLWLRQ
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DFFRXQWV�IRU�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�WRWDO�DQQXDO�ORDGLQJ�RI�QLWURJHQ������PLOOLRQ
SRXQGV���ZKLOH����SHUFHQW�RI�WKH�ORDG�FRPHV�IURP�SRLQW�VRXUFH�ZDWHU�GLVFKDUJHV�DQG����SHUFHQW
IURP�QRQ�SRLQW�VRXUFHV�RWKHU�WKDQ�DLU��VXFK�DV�IHUWLOL]HUV�DQG�DQLPDO�ZDVWHV���6LQFH�WKH�)LUVW
5HSRUW�WR�&RQJUHVV��DGGLWLRQDO�VWXGLHV�KDYH�EHHQ�LQLWLDWHG�WR�PHDVXUH�QLWURJHQ�GHSRVLWLRQ�LQ
FRDVWDO�HVWXDULHV�RWKHU�WKDQ�&KHVDSHDNH�%D\��H�J���7DPSD�%D\��/RQJ�,VODQG�6RXQG��0DVVDFKXVHWWV
%D\����)RU�WKRVH�VWXGLHV�WKDW�HYDOXDWHG�ERWK�GLUHFW�DQG�LQGLUHFW�GHSRVLWLRQ��WKH�FRQWULEXWLRQ�RI
DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�QLWURJHQ�ORDG�UDQJHV�IURP�DSSUR[LPDWHO\����WR����SHUFHQW�

7R�SURMHFW�WKH�XOWLPDWH�LQIOXHQFH�RI�FKDQJHV�LQ�WRWDO�QLWURJHQ�ORDGLQJV�WR�WKH�%D\
�LQFOXGLQJ�ORDGLQJV�RWKHU�WKDQ�IURP�WKH�DLU���WKH�&KHVDSHDNH�%D\�3URJUDP�UHFHQWO\�FRQILJXUHG
WKH�%D\�:DWHUVKHG�0RGHO�WR�DFFHSW�GDLO\�DWPRVSKHULF�ORDGLQJV�E\�ODQG�XVH�FDWHJRU\��L�H���IRUHVW�
SDVWXUH��FURSODQG��DQG�XUEDQ����7KH�&KHVDSHDNH�(VWXDU\�0RGHO�LV�EHLQJ�XSJUDGHG�WR�VLPXODWH
EDVLF�HFRV\VWHP�SURFHVVHV�RI�VXEPHUJHG�DTXDWLF�YHJHWDWLRQ��6$9���EHQWKLF�PLFURRUJDQLVPV��DQG
PDMRU�]RRSODQNWRQ�JURXSV���,Q�DGGLWLRQ��(3$
V�5HJLRQDO�$FLG�'HSRVLWLRQ�0RGHO��5$'0��LV�EHLQJ
GLUHFWO\�OLQNHG�WR�WKH�:DWHUVKHG�DQG�(VWXDU\�PRGHOV���7KLV�QHZ�LQWHJUDWHG�PRGHO��IXQFWLRQDOO\
OLQNLQJ�WKH�DLUVKHG��ZDWHUVKHG��HVWXDU\��DQG�HFRV\VWHP��LV�H[SHFWHG�WR�EH�FRPSOHWHG�LQ�PLG�������
6RPH�RI�WKH�UHPDLQLQJ�DUHDV�RI�VLJQLILFDQW�XQFHUWDLQW\�LQ�HVWLPDWLQJ�DWPRVSKHULF�ORDGV�DUH��
QLWURJHQ�UHWHQWLRQ�LQ�ZDWHUVKHGV��WKH�UHODWLYH�ORDGLQJV�RI�DPPRQLD�DQG�RUJDQLF�QLWURJHQ
�FRPSDUHG�WR�QLWUDWH���DQG�GU\�SDUWLFXODWH�GHSRVLWLRQ�GLUHFWO\�WR�ZDWHU�VXUIDFHV��

&RQWULEXWLRQ�RI�$WPRVSKHULF�'HSRVLWLRQ�WR�$GYHUVH�+XPDQ�+HDOWK�(IIHFWV�RU
$GYHUVH�(QYLURQPHQWDO�(IIHFWV�LQ�WKH�*UHDW�:DWHUV

&XUUHQW�LQIRUPDWLRQ�RQ�SRWHQWLDO�H[SRVXUH�WR�DQG�HIIHFWV�RI�SROOXWDQWV�RI�FRQFHUQ�WR�WKH
*UHDW�:DWHUV�DGGV�JUHDWHU�ZHLJKW�WR�WKH�VFLHQWLILF�GDWD�DQG�FRQFOXVLRQV�UHDFKHG�LQ�WKH�)LUVW
5HSRUW�WR�&RQJUHVV���(IIHFWV�RQ�ILVK�DQG�ZLOGOLIH�WKDW�DUH�DVVRFLDWHG�ZLWK�H[SRVXUHV�WR�WKHVH
SHUVLVWHQW�FKHPLFDOV�FRQWLQXH�WR�EH�UHSRUWHG�LQ�UHVHDUFK�OLWHUDWXUH���$W�WKLV�WLPH��LW�LV�QRW�SRVVLEOH
WR�LGHQWLI\�ZKLFK�VSHFLILF�LQGLYLGXDO�SROOXWDQWV��RU�GHILQHG�PL[WXUHV��FDXVH�VSHFLILF�DGYHUVH
HIIHFWV�REVHUYHG�LQ�WKH�ELRWD�RI�WKH�*UHDW�:DWHUV���(YHQ�LI�PRUH�GLUHFW�DQG�GHILQLWH�OLQNV�EHWZHHQ
H[SRVXUH�DQG�HIIHFW�ZHUH�HVWDEOLVKHG��WKH�UHODWLYH�FRQWULEXWLRQ�RI�D�SROOXWDQW�IURP�FXUUHQW�DLU
GHSRVLWLRQ�FRPSDUHG�WR�RYHUDOO�ORDGLQJ�IRU�WKH�ZDWHUERG\�VWLOO�QHHGV�WR�EH�EHWWHU�FKDUDFWHUL]HG
DQG�TXDQWLILHG�WR�SURYLGH�D�EDVLV�IRU�VHWWLQJ�DSSURSULDWH�UHGXFWLRQ�WDUJHWV���%HFDXVH�PDQ\�RI�WKH
SROOXWDQWV�RI�FRQFHUQ�SHUVLVW�IRU�GHFDGHV��FXUUHQW�ORDGLQJ�PXVW�EH�FRQVLGHUHG�LQ�OLJKW�RI
FRQWDPLQDWLRQ�WKDW�KDV�FRPH�IURP�PDQ\�VRXUFHV�DQG�SHUVLVWHG�PDQ\�\HDUV���3HUVLVWHQFH�DOVR
PHDQV�WKDW�ZKLOH�HPLVVLRQV�DQG�GLVFKDUJHV�RI�WKHVH�FKHPLFDOV�PD\�DSSHDU�UDWKHU�VPDOO�LQ�RQH
\HDU��WKH�ORDGLQJ�LQ�WKH�HQYLURQPHQW�EXLOGV�XS�RYHU�WLPH���:KLOH�SROOXWDQW�FRPSRXQGV�GHSRVLWHG
IURP�WKH�DLU�GLUHFWO\�LQWR�D�ZDWHUERG\�FDQ�KDYH�GLIIHUHQW�URXWHV�RI�H[SRVXUH�WR�DTXDWLF�ELRWD�WKDQ
WKH�VDPH�SROOXWDQWV�EURXJKW�LQ�E\�ZDWHU�RU�LQ�VHGLPHQWV��WKHUH�DUH�OLPLWHG�TXDQWLWDWLYH�GDWD�RQ
VXFK�GLIIHUHQFHV�LQ�H[SRVXUH���7KHUH�LV�QR�FXUUHQW�HYLGHQFH�WKDW�HIIHFWV�RQ�ZLOGOLIH��DQG
SRWHQWLDOO\�RQ�KXPDQ�KHDOWK��FDXVHG�E\�VSHFLILF�SROOXWDQWV�GHSRVLWHG�IURP�WKH�DLU�DUH�GLIIHUHQW
IURP�HIIHFWV�RI�WKRVH�VDPH�FKHPLFDOV�FDUULHG�LQ�WKH�ZDWHU�RU�VHGLPHQW��RQFH�WKH�FKHPLFDO�UHDFKHV
DQ�RUJDQLVP·V�WLVVXHV��

([SRVXUH�RI�ZLOGOLIH�RU�KXPDQV�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�FDQ�RFFXU�GLUHFWO\��H�J��
WKURXJK�LQWDNH�RI�GULQNLQJ�ZDWHU��GLUHFW�FRQWDFW�ZLWK�ZDWHU��RU�DV�D�UHVXOW�RI�IRRG�ZHE
FRQWDPLQDWLRQ���$Q�LQGLFDWRU�RI�SRWHQWLDO�KXPDQ�H[SRVXUH�WR�D�SROOXWDQW�LV�WKH�SUHVHQFH�RI�ILVK
FRQVXPSWLRQ�DGYLVRULHV�LVVXHG�E\�VWDWH�DJHQFLHV���7KHVH�ZDWHUERG\�VSHFLILF�DQG�ILVK�VSHFLHV�
VSHFLILF�DGYLVRULHV�FDXWLRQ�SHRSOH�DJDLQVW�HDWLQJ�ILVK�IURP�D�FRQWDPLQDWHG�ZDWHUERG\�DQG
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VXJJHVW�WKDW�FRQVXPSWLRQ�RI�ILVK�ZLWK�WKHVH�OHYHOV�RI�FRQWDPLQDWLRQ�PD\�UHVXOW�LQ�SRWHQWLDO
KXPDQ�KHDOWK�HIIHFWV���$FFRUGLQJ�WR�(3$
V������QDWLRQDO�OLVWLQJ�RI�ILVK�DQG�ZLOGOLIH�FRQVXPSWLRQ
DGYLVRULHV��FXUUHQW�VWDWH�DGYLVRULHV�IRU�WKH�*UHDW�:DWHUV�DUH�DVVRFLDWHG�ZLWK�WKH�VDPH�SROOXWDQWV
RI�FRQFHUQ�DV�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��VHH�$SSHQGL[�%����)LVK�FRQVXPSWLRQ�DGYLVRULHV�LQ
WKH�ODNHV�DUH�PRVW�FRPPRQO\�LVVXHG�IRU�3&%V��IROORZHG�E\�PHUFXU\�DQG�GLR[LQV��LQ�FRDVWDO
ZDWHUV��DGYLVRULHV�DUH�FRPPRQO\�LVVXHG�IRU�3&%V��IROORZHG�E\�GLR[LQV�

3HULRGLF�PRQLWRULQJ�RI�SROOXWDQW�OHYHOV�LQ�WLVVXHV�RI�DTXDWLF�RUJDQLVPV��VXFK�DV�JDPH�ILVK�
LV�DQRWKHU�LQGLFDWRU�RI�SROOXWDQW�FRQWDPLQDWLRQ�DQG�H[SRVXUH�DQG�SURYLGHV�LQIRUPDWLRQ�RQ
ELRDFFXPXODWLRQ�LQ�WKH�IRRG�ZHE���0RVW�VWXGLHV�DUH�EDVHG�RQ�PHDVXUHPHQWV�RI�SROOXWDQW
FRQFHQWUDWLRQ�LQ�ILVK�IURP�WKH�*UHDW�/DNHV���6WXGLHV�RI�VHYHUDO�SROOXWDQWV�VKRZ�WKDW��RYHU�PDQ\
\HDUV��SROOXWDQW�OHYHOV�LQ�ILVK�DUH�UHPDLQLQJ�FRQVWDQW�RU�GHFUHDVLQJ���,Q�VRPH�LQVWDQFHV��VOLJKW
LQFUHDVHV�RI�VRPH�SROOXWDQWV�KDYH�EHHQ�PHDVXUHG�UHFHQWO\�LQ�FHUWDLQ�ILVK�VSHFLHV���)RU�H[DPSOH�
DOWKRXJK�VLJQLILFDQW�GHFOLQHV�LQ�3&%�DQG�''7�FRQFHQWUDWLRQV�LQ�ODNH�WURXW��ZDOOH\H��DQG�FRKR
VDOPRQ�LQ�WKH�*UHDW�/DNHV�ZHUH�REVHUYHG�GXULQJ�WKH�����V��PRUH�UHFHQWO\��L�H���LQ�WKH�ODVW�HLJKW�WR
WHQ�\HDUV��WKH�UHVLGXHV�RI�3&%V�DQG�''7�LQ�WKHVH�ILVK�KDYH�OHYHOHG�RII�RU�HYHQ�LQFUHDVHG�VOLJKWO\��
&KHPLFDO�UHVLGXHV�LQ�ILVK�WLVVXH�DUH�SUREDEO\�WKH�UHVXOW�RI�PDQ\�IDFWRUV�LQ�DGGLWLRQ�WR�GHSRVLWLRQ
IURP�WKH�DLU���)RU�H[DPSOH��WKH�DSSDUHQW�LQFUHDVH�LQ�SROOXWDQWV�LQ�ILVK�WLVVXH�PD\�EH�D�UHVXOW�RI
UHVXVSHQVLRQ�RI�SROOXWDQWV�IURP�VHGLPHQW�RU�IURP�FKDQJHV�LQ�WKH�IRRG�ZHE�VWUXFWXUH�LQ�WKH�ODNH�

$GYHUVH�HIIHFWV�LQ�ZLOGOLIH�DQG�DTXDWLF�RUJDQLVPV�LQ�WKH�*UHDW�:DWHUV�FRQWLQXH�WR�EH
UHSRUWHG�LQ�WKH�VFLHQWLILF�OLWHUDWXUH���7KH�FRUUHODWLRQV�RI�WLVVXH�EXUGHQV�RI�SHUVLVWHQW�SROOXWDQWV
ZLWK�REVHUYHG�HIIHFWV�LQ�WKH�DQLPDOV�VXJJHVW�WKDW�H[SRVXUH�OHYHOV�IRU�VRPH�SROOXWDQWV�FRQWLQXH�WR
EH�KLJK�HQRXJK�WR�SURGXFH�DGYHUVH�HIIHFWV���+HDOWK�SUREOHPV�SHUVLVW�IRU�ILVK�DQG�RWKHU�ZLOGOLIH�LQ
FHUWDLQ�*UHDW�/DNHV�ORFDWLRQV��SDUWLFXODUO\�IRU�SUHGDWRUV�KLJK�LQ�WKH�IRRG�ZHE��VXFK�DV�ODNH�WURXW�
PLQN��DQG�EDOG�HDJOHV���5HFHQW�SRSXODWLRQ�VWXGLHV�RI�ILVK�HDWLQJ�ELUGV�LQ�WKH�*UHDW�/DNHV��H�J��
FRPPRQ�WHUQV��SURYLGH�HYLGHQFH�RI�WKH�GHYHORSPHQWDO�SUREOHPV�OLQNHG�WR�3&%V�GXULQJ�WKH
����V��

7KH�RFFXUUHQFH�RI�KHDOWK�HIIHFWV�LQ�KXPDQV�LV�OHVV�VWXGLHG�LQ�FRQQHFWLRQ�ZLWK�JHQHUDO
HQYLURQPHQWDO�H[SRVXUHV���0RVW�LQIRUPDWLRQ�LV�EDVHG�RQ�ODERUDWRU\�VWXGLHV�LQ�DQLPDOV��ZKLFK�FDQ
SURYLGH�XVHIXO�LQVLJKW�RQ�SRWHQWLDO�DGYHUVH�HIIHFWV�LQ�KXPDQV��KRZHYHU��IRU�PRVW�FKHPLFDOV��WKH
ORZHVW�H[SRVXUH�FRQFHQWUDWLRQ�DW�ZKLFK�WKHVH�HIIHFWV�ZRXOG�RFFXU�LQ�KXPDQV�LV�GLIILFXOW�WR
GHWHUPLQH���7KH�SROOXWDQWV�RI�FRQFHUQ�KDYH�EHHQ�LQYHVWLJDWHG�LQGLYLGXDOO\�DQG�DUH�NQRZQ�WR
FDXVH�D�YDULHW\�RI�KHDOWK�HIIHFWV��LQFOXGLQJ�FDQFHU��DQG�WR�DFW�RQ�PDQ\�WDUJHW�RUJDQV��LQFOXGLQJ
WKH�OLYHU�DQG�NLGQH\��DQG�RQ�WKH�HQGRFULQH��UHSURGXFWLYH��LPPXQH��DQG�QHUYRXV�V\VWHPV���7KHUH
DUH�IHZ�UHFHQW�VWXGLHV�RI�DFXWH�KXPDQ�H[SRVXUHV�WR�*UHDW�:DWHUV�SROOXWDQWV��DOWKRXJK
HYDOXDWLRQV�RI�SHRSOH�ZKR�IUHTXHQWO\�HDW�ILVK�IURP�WKH�*UHDW�/DNHV�VXJJHVW�FRQFHUQV���7KH
UHODWLYH�UROH�RI�SROOXWDQWV�GHSRVLWHG�IURP�WKH�DWPRVSKHUH�FRPSDUHG�ZLWK�RWKHU�SDWKZD\V
FRQWULEXWLQJ�WR�H[SRVXUH�KDV�QRW�EHHQ�TXDQWLILHG�LQ�WKHVH�VWXGLHV�

$OWKRXJK�PXFK�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�SRWHQWLDO�H[SRVXUH�WR�WKH�SROOXWDQWV�RI
FRQFHUQ�DQG�DOVR�RQ�WKH�SRWHQWLDO�HIIHFWV�RI�WKHVH�SROOXWDQWV��XQFHUWDLQWLHV�VWLOO�H[LVW�UHJDUGLQJ�WKH
DVVRFLDWLRQ�EHWZHHQ�WKH�DFWXDO�H[SRVXUH�OHYHOV�H[SHULHQFHG�RYHU�WLPH�DQG�SRWHQWLDO�HIIHFWV��
(IIHFWV�WKDW�RFFXU�LQ�ZLOGOLIH�RU�KXPDQV�IURP�ORQJ�WHUP�H[SRVXUH�WR�SROOXWDQWV�RI�FRQFHUQ�PD\
GLIIHU�IURP�WKRVH�HIIHFWV�FDXVHG�E\�DFXWH��KLJK�OHYHO�H[SRVXUHV�EHFDXVH�ORQJHU�H[SRVXUH�WR�VRPH
FKHPLFDOV�FDQ�UHVXOW�LQ�PHWDEROLVP�RU�EUHDNGRZQ�RI�WKH�FKHPLFDO�LQ�WKH�ERG\�WR�DQRWKHU
FKHPLFDO�WKDW�LV�PRUH�RU�OHVV�WR[LF�DQG�FDQ�UHVXOW�LQ�FXPXODWLYH�H[SRVXUH�GXH�WR�ELRDFFXPXODWLRQ��
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&RPSDULVRQ�RI�WKH�HIIHFWV�UHSRUWHG�LQ�ODERUDWRU\�VWXGLHV�WR�DFWXDO�REVHUYDWLRQV�LQ�WKH�ILHOG��L�H��
ZLOGOLIH�DURXQG�WKH�ZDWHUERGLHV��DOVR�QHHGV�WR�EH�DGGUHVVHG���/DERUDWRU\�VWXGLHV�FDQ�SURYLGH
HYLGHQFH�WR�VXSSRUW�REVHUYDWLRQV�RI�HIIHFWV�LQ�WKH�ILHOG�DQG��IXUWKHUPRUH��JLYH�LQIRUPDWLRQ�RQ�WKH
SRVVLEOH�PHFKDQLVP�RI�DFWLRQ�RI�WKH�HIIHFW���+RZHYHU��WKHVH�VWXGLHV�JHQHUDOO\�GR�QRW�GXSOLFDWH
WKH�SRWHQWLDO�FXPXODWLYH�RU�FRPELQHG�HIIHFWV�WKDW�PD\�RFFXU�ZKHQ�SROOXWDQWV�LQWHUDFW�LQ�WKH
HQYLURQPHQW�RU�VLPXODWH�HIIHFWV�GXH�WR�H[SRVXUH�LQ�QDWXUDO�IRRG�FKDLQV�

$WPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�FRPSRXQGV�FDQ�FRQWULEXWH�VLJQLILFDQWO\�WR
HXWURSKLFDWLRQ�LQ�FRDVWDO�ZDWHUV�ZKHUH�SODQW�SURGXFWLYLW\�LV�XVXDOO\�OLPLWHG�E\�QLWURJHQ
DYDLODELOLW\���(XWURSKLFDWLRQ�DQG�LWV�VXEVHTXHQW�HIIHFWV�RQ�HVWXDULQH�HFRV\VWHPV�SRVH�VLJQLILFDQW
SUREOHPV�IRU�&KHVDSHDNH�%D\�DQG�PDQ\�RWKHU�FRDVWDO�ZDWHUV���$FFHOHUDWHG�HXWURSKLFDWLRQ
IUHTXHQWO\�UHVXOWV�LQ�VHYHUH�HFRORJLFDO�HIIHFWV�VXFK�DV�QXLVDQFH�DOJDO�EORRPV�DQG�UHGXFHG�R[\JHQ
OHYHOV�LQ�WKH�ZDWHU��DV�XQVWDEOH�DOJDO�EORRPV�GLH�EDFN�RU�RUJDQLVPV�VLQN�LQWR�GHHSHU�ZDWHU����7KH
UHGXFWLRQ�LQ�R[\JHQ�OHYHOV�PD\�UHVXOW�LQ�DOWHUHG�IRRG�ZHEV�E\�UHGXFLQJ�RU�HOLPLQDWLQJ�ERWWRP�
IHHGHU�SRSXODWLRQV�RI�ILVK�RU�VKHOOILVK��FUHDWLQJ�FRQGLWLRQV�WKDW�IDYRU�GLIIHUHQW�VSHFLHV��RU�FDXVLQJ
GUDPDWLF�ILVK�NLOOV���,Q�VRPH�FDVHV��RYHUSURGXFWLRQ�RI�DOJDH�LQFUHDVHV�WKH�VXVSHQGHG�PDWWHU�LQ�WKH
ZDWHU��ZKLFK�GHFUHDVHV�OLJKW�SHQHWUDWLRQ�WR�VXEPHUJHG�DTXDWLF�YHJHWDWLRQ��6$9��RU�FRUDO���,Q
RWKHU�FDVHV��DOJDH�FDQ�RYHUJURZ�GLUHFWO\�RQ�VXEPHUJHG�OLYLQJ�RUJDQLVPV��RIWHQ�ZLWK�ORVVHV�RI�6$9
RU�FRUDO�FRPPXQLWLHV���0DMRU�DUHDV�RI�XQFHUWDLQW\�LQFOXGH�WKH�UHVSRQVH�RI�OLYLQJ�UHVRXUFHV�
SDUWLFXODUO\�6$9��WR�UHGXFWLRQV�LQ�QLWURJHQ�ORDGV�DQG�WKH�WLGDO�IORZ�H[FKDQJHV�EHWZHHQ�FRDVWDO
HVWXDULHV�DQG�RIIVKRUH�ZDWHUV��ZKLFK�DOVR�UHFHLYH�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ
FRPSRXQGV���)XUWKHU�VWXG\�LV�QHHGHG�RQ�WKH�GLUHFW�OLQN�EHWZHHQ�DWPRVSKHULF�GHSRVLWLRQ�RI
QLWURJHQ�FRPSRXQGV�DQG�HFRV\VWHP�UHVSRQVHV���2[LGHV�RI�QLWURJHQ�DUH�LPSRUWDQW�FRPSRQHQWV�LQ
DFLGLF�GHSRVLWLRQ��ZHW�DQG�GU\��WR�IUHVK�ZDWHUV���,Q�DGGLWLRQ��QLWURJHQ�FRPSRXQGV�DQG�WKHLU
UHDFWLRQ�SURGXFWV�LQ�WKH�DPELHQW�DLU�FDQ�SURGXFH�GLUHFW�LPSDFWV�RQ�KXPDQ�KHDOWK�DQG�WHUUHVWULDO
YHJHWDWLRQ���,Q�FRQVLGHUDWLRQ�RI�WKHVH�SDUWLDO�LPSDFWV��(3$�KDV�HVWDEOLVKHG�SURJUDPV�WR�HYDOXDWH
DQG�UHGXFH�WKH�WKUHDW�WR�KXPDQ�DQG�HFRORJLFDO�KHDOWK�IURP�DWPRVSKHULF�QLWURJHQ�R[LGHV��R]RQH�
SDUWLFXODWHV��DQG�DFLGLF�DHURVROV�

(PLVVLRQ�6RXUFHV�WKDW�&RQWULEXWH�WR�$WPRVSKHULF�'HSRVLWLRQ�LQ�WKH�*UHDW
:DWHUV

)RU�WR[LF�FRQWDPLQDQWV��LQIRUPDWLRQ�OLQNLQJ�VSHFLILF�HPLVVLRQ�VRXUFHV�WR�LPSDFWV�RQ
DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV�KDV�EHHQ�OLPLWHG���6RPH�ZRUN�KDV�EHHQ�GRQH�RQ
LGHQWLILFDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�VSHFLILF�VRXUFHV�LQ�WKH�*UHDW�/DNHV��DQG�PRUH�LV�SODQQHG��
6RPH�RI�WKLV�ZRUN�GRHV�QRW�LQYROYH�HPLVVLRQ�LQYHQWRULHV��EXW�FRQVLVWV�RI�SUHGLFWLQJ�WKH�RULJLQ�RI
DQ�DLU�PDVV��XVLQJ�PHWHRURORJ\��WKDW�SDVVHV�RYHU�D�PRQLWRULQJ�VWDWLRQ�DQG�GHWHUPLQLQJ�HPLVVLRQ
VRXUFHV�EDVHG�RQ�REVHUYHG�SROOXWDQWV�DQG�PHWDOV�UDWLRV�LQ�WKH�DLU�VDPSOHV���)RU�VRPH�VRXUFH
FDWHJRULHV��WKHUH�FXUUHQWO\�DUH�LQDGHTXDWH�UHOLDEOH�HPLVVLRQV�GDWD�DQG�GHWDLOHG�HPLVVLRQV
LQYHQWRULHV�WR�OLQN�SROOXWDQW�GHSRVLWLRQ�WR�VSHFLILF�VRXUFHV���+RZHYHU��IRU�PDQ\�VRXUFH�FDWHJRULHV�
VXEVWDQWLDO�SURJUHVV�KDV�EHHQ�PDGH�LQ�UHFHQW�\HDUV�WR�HVWDEOLVK�VRXUFH�HPLVVLRQV�LQYHQWRULHV
WKURXJK�VWDWH�DQG�IHGHUDO�HIIRUWV���)RU�H[DPSOH��WKH�*UHDW�/DNHV�(PLVVLRQV�,QYHQWRU\��UHFHQWO\
LPSOHPHQWHG�E\�WKH�HLJKW�*UHDW�/DNHV�VWDWHV�DQG�WKH�&DQDGLDQ�3URYLQFH�RI�2QWDULR��LV�FRPSLOLQJ
D�GDWD�EDVH�RQ�HPLVVLRQ�VRXUFHV�RI����WR[LF�DLU�SROOXWDQWV�WKDW�ZLOO�SURYLGH�LQIRUPDWLRQ�RQ�ORFDO
DQG�UHJLRQDO�VRXUFHV�RI�SROOXWDQWV�RI�FRQFHUQ���$�SLORW�SURMHFW�RI�PDMRU�XUEDQ�DUHDV�DORQJ�WKH
VRXWKZHVW�VKRUH�RI�/DNH�0LFKLJDQ�KDV�FUHDWHG�DQ�LQYHQWRU\�RI�VPDOO�SRLQW�DQG�DUHD�VRXUFH
FDWHJRULHV�LQ�WKH�VXUURXQGLQJ�UHJLRQ�WKDW�FRQWULEXWH�WKH�PRVW�WR�WKH�WRWDO�HPLVVLRQV�RI�PDMRU
SROOXWDQWV���$V�D�UHVXOW�RI�WKLV�SLORW�VWXG\��D�EHWWHU�PHWKRGRORJ\�KDV�EHHQ�GHYHORSHG�IRU�XVH�LQ�WKH



&+$37(5�9
&21&/86,216�

�����

What is CAA Section 112(c)(6)?

Under this section, EPA is required to identify
and list sources, categories, and subcategories of
alkylated lead compounds, hexachlorobenzene,
mercury, PCBs, POM, TCDD, and TCDF.  This list
is intended to assure that not less than 90 percent
of the aggregate emissions of each pollutant are
subject to standards under section 112(d)(2) or
112(d)(4).  To meet these requirements, national
inventories of sources and emissions of these
pollutants have been developed.  Because all
seven pollutants are of particular interest to the
Great Waters program, these inventories will be
useful in protecting the Great Waters and in
implementing section 112(m).

IXOO�UHJLRQDO�*UHDW�/DNHV�(PLVVLRQV�,QYHQWRU\���5HVHDUFK�VWXGLHV�RQ�WKH�LPSRUWDQFH�RI�ORFDO
�XUEDQ�SOXPHV��RI�SROOXWDQWV�KDYH�EHHQ�XQGHUZD\�LQ�UHFHQW�\HDUV�QHDU�&KLFDJR��LPSDFWLQJ�/DNH
0LFKLJDQ��DQG�QHDU�%DOWLPRUH��LPSDFWLQJ�&KHVDSHDNH�%D\����7KHVH�VWXGLHV�DUH�GXH�WR�EH
FRPSOHWHG�LQ�WKH�QH[W�IHZ�\HDUV���7KHLU�UHVXOWV��FRPELQHG�ZLWK�HPLVVLRQ�LQYHQWRULHV��ZLOO�DVVLVW�LQ
GHILQLQJ�WKH�UHODWLYH�LPSRUWDQFH�RI�ORFDO�HPLVVLRQV�XSRQ�GHSRVLWLRQ�DQG�LQ�IRFXVLQJ�HPLVVLRQ
UHGXFWLRQ�HIIRUWV���,Q�DGGLWLRQ��(3$�UHFHQWO\�FRPSOHWHG�D�QDWLRQDO�HPLVVLRQV�LQYHQWRU\�RI�NQRZQ
8�6��VRXUFHV�RI�VHYHQ�+$3V�OLVWHG�XQGHU�&$$�VHFWLRQ�����F�������,GHQWLILFDWLRQ�RI�WKH�VRXUFHV�IRU
WRWDO�HPLVVLRQV�RI�WKHVH�SROOXWDQWV�LV�QHFHVVDU\�WR�DVVXUH�WKDW�DW�OHDVW����SHUFHQW�RI�HPLVVLRQV�IURP
VWDWLRQDU\��DQWKURSRJHQLF�VRXUFHV�DUH�VXEMHFW�WR�UHJXODWLRQ�XQGHU�&$$�VHFWLRQ�����G��

$V�D�UHVXOW�RI�UHVHDUFK�IXQGHG�E\�WKH
*UHDW�:DWHUV�SURJUDP�DQG�RWKHUV��EHWWHU
SUHGLFWLRQV�FDQ�EH�PDGH�RQ�WKH�GLUHFWLRQ�DQG
PRYHPHQW�RI�HPLWWHG�DLU�SROOXWDQWV�RYHU�ODUJH
JHRJUDSKLF�DUHDV��DQG�PRUH�UHOLDEOH�HVWLPDWHV
RI�UDWHV�DW�ZKLFK�SROOXWDQWV�ZLOO�EH�GHSRVLWHG
RQ�ODQG�RU�ZDWHU�VXUIDFHV�DUH�SRVVLEOH���)RU
H[DPSOH��VRPH�UHVHDUFKHUV�DUH�GHWHUPLQLQJ
WKH�H[WHQW�RI�PHUFXU\�HPLVVLRQV�WR�DLU�LQ�WKH
8QLWHG�6WDWHV�RYHU�DQ�HQWLUH�\HDU��WKH
GHSRVLWLRQ�WR�WKH�ODQG�DQG�ZDWHUERGLHV��DQG
WKH�FRQWULEXWLRQ�E\�VRXUFH�FDWHJRU\�WR�WKH
WRWDO�DPRXQW�RI�PHUFXU\�HPLWWHG�DQG
GHSRVLWHG�ZLWKLQ�WKH�8QLWHG�6WDWHV���,Q�WKH
*UHDW�/DNHV��D�UHJLRQDO�QHWZRUN�RI�WHQ
PRQLWRULQJ�VLWHV�ZDV�HVWDEOLVKHG�LQ������E\
(3$�DQG�WKH�8QLYHUVLW\�RI�0LFKLJDQ�WR�PHDVXUH�DWPRVSKHULF�PHUFXU\�DQG�ZHW�DQG�GU\
GHSRVLWLRQ�RI�JDVHV�DQG�SDUWLFXODWHV���2QH�JRDO�LV�WR�GHWHUPLQH�WKH�VRXUFHV�DQG�VRXUFH�DUHDV�RI
PHUFXU\�GHSRVLWLRQ�WR�WKH�%DVLQ��XVLQJ�DQ�LPSURYHG�WUDMHFWRU\�FOXVWHULQJ�WHFKQLTXH���6XFK
VWXGLHV�ZLOO�HQDEOH�(3$�DQG�RWKHU�UHVHDUFKHUV�WR�EHWWHU�H[SORUH�VRXUFH�DWWULEXWLRQ���

6XEVWDQWLDO�SURJUHVV�DOVR�KDV�EHHQ�PDGH�RQ�LQYHVWLJDWLQJ�HPLVVLRQ�VRXUFHV�RI�QLWURJHQ
FRPSRXQGV�LQ�UHFHQW�\HDUV���'XH�WR�WKH�LPSDFWV�WKDW�QLWURJHQ�RYHUHQULFKPHQW�KDV�LQ�HVWXDULHV
DQG�FRDVWDO�ZDWHUV��VRXUFHV�RI�DLUERUQH�DQG�ZDWHUERUQH�QLWURJHQ�FRPSRXQGV�DUH�EHLQJ�HYDOXDWHG
E\�PRQLWRULQJ�DQG�PRGHOLQJ�VWXGLHV���5HFHQW�PRGHOLQJ�VWXGLHV�KDYH�ORRNHG�DW�ERWK�ORFDO�DQG
GLVWDQW�VRXUFHV��JHQHULF�W\SHV��WKDW�UHOHDVH�DWPRVSKHULF�QLWURJHQ�WKDW�GHSRVLWV�LQWR�WKH
&KHVDSHDNH�%D\�DQG�LWV�ZDWHUVKHG���8VLQJ�5$'0��WKH�&KHVDSHDNH�%D\�3URJUDP�KDV�HYDOXDWHG
VRXUFHV�FRQWULEXWLQJ�WR�WKH�GHSRVLWLRQ�RI�FHUWDLQ�QLWURJHQ�FRPSRXQGV�DQG�LGHQWLILHG�HOHFWULF
XWLOLWLHV�DQG�PRELOH�VRXUFHV�DV�PDMRU�FRQWULEXWRUV���+RZHYHU��WKH�PRGHO�UXQV�VKRZ�WKDW�WKH
SDWWHUQV�RI�QLWUDWH�GHSRVLWLRQ�DUH�GLIIHUHQW�IRU�WKHVH�WZR�EURDG�VRXUFH�FDWHJRULHV���8WLOLWLHV�DSSHDU
WR�FRQWULEXWH�D�PDMRULW\�RI�WKH�QLWUDWH�WKDW�GHSRVLWV�RQ�WKH�ZHVWHUQ�VLGH�RI�WKH�%D\�ZDWHUVKHG�DQG
H[KLELW�D�GHFUHDVLQJ�WUHQG�LQ�GHSRVLWLRQ�IURP�WKH�ZHVWHUQ�WRZDUGV�WKH�HDVWHUQ�SRUWLRQ�RI�WKH
ZDWHUVKHG���0RELOH�VRXUFH�HPLVVLRQV��RQ�WKH�RWKHU�KDQG��ODUJHO\�UHIOHFW�WKH�WUDIILF�DVVRFLDWHG�ZLWK
WKH�:DVKLQJWRQ��'�&��%RVWRQ�FRUULGRU�DQG�FRQWULEXWH�WKH�PDMRULW\�RI�WKH�QLWUDWH�WKDW�GHSRVLWV
DORQJ�WKH�'HOPDUYD�3HQLQVXOD��WKH�%D\�LWVHOI��DQG�ORZHU�SRUWLRQV�RI�WKH�ZHVWHUQ�VKRUH�WLGDO
WULEXWDULHV���:RUN�RQ�DGGUHVVLQJ�D�PRGHOLQJ�XQFHUWDLQW\�LQ�5$'0�³�FRUUHFW�SDUWLWLRQLQJ
EHWZHHQ�SDUWLFXODWH�QLWUDWH�DQG�QLWULF�DFLG�³�FRQWLQXHV�ZLWK�IXQGLQJ�IURP�(3$
V�+LJK
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3HUIRUPDQFH�&RPSXWLQJ�DQG�&RPPXQLFDWLRQV�3URJUDP��WKH�3DUWLFXODWH�3URJUDP��DQG�WKH�$FLG
5DLQ�3URJUDP�

&RQWULEXWLRQ�RI�$WPRVSKHULF�3ROOXWDQW�/RDGLQJ�WR�([FHHGDQFHV�RI�:DWHU
4XDOLW\�6WDQGDUGV�DQG�'ULQNLQJ�:DWHU�6WDQGDUGV�RU�([FHHGDQFHV�RI
2EMHFWLYHV�RI�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�$JUHHPHQW�

:KLOH�VRPH�SROOXWDQWV�UHPDLQ�DW�OHYHOV�H[FHHGLQJ�DSSOLFDEOH�FULWHULD�LQ�VRPH�ORFDWLRQV�RI
WKH�*UHDW�:DWHUV��QR�DGGLWLRQDO�SROOXWDQWV�KDYH�EHHQ�IRXQG�WR�H[FHHG�ZDWHU�TXDOLW\�VWDQGDUGV�LQ
WKH�*UHDW�:DWHUV�VLQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV���:KHUH�H[FHHGDQFHV�RFFXU��LW�PD\�EH
UHDVRQDEOH�WR�DVVXPH�WKDW�DWPRVSKHULF�GHSRVLWLRQ�FRQWULEXWHV�WR�VRPH��TXDQWLW\�XQNQRZQ�
H[WHQW���7KH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�LV�HVSHFLDOO\�OLNHO\�IRU�RSHQ�ZDWHU
H[FHHGDQFHV��LQ�FRQWUDVW�WR�ORFDOL]HG��KRW�VSRWV��ZKHUH�RWKHU�ORDGLQJ�PHFKDQLVPV�PD\�GRPLQDWH��
:KHUH�GDWD�DUH�DYDLODEOH��WR[LF�FRQWDPLQDWLRQ�LQ�ZDWHU�GRHV�QRW�DSSHDU�WR�EH�LQFUHDVLQJ
VLJQLILFDQWO\�IRU�DQ\�RI�WKH�SROOXWDQWV�RI�FRQFHUQ��EXW�UDWKHU�DSSHDUV�WR�EH�UHPDLQLQJ�WKH�VDPH�RU
GHFUHDVLQJ���+RZHYHU��UHFHQW�GDWD�RQ�ZDWHU�FROXPQ�FRQFHQWUDWLRQV�DUH�DYDLODEOH�IRU�RQO\�D
OLPLWHG�QXPEHU�RI�WKH�SROOXWDQWV���&RQFHQWUDWLRQV�RI�''7�''(��GLHOGULQ��KH[DFKORUREHQ]HQH�
DQG�3&%V�LQ�WKH�ZDWHU�FROXPQ�RI�WKH�*UHDW�/DNHV�DUH�UHSRUWHG�LQ�ERWK�WKLV�UHSRUW�DQG�WKH�)LUVW
5HSRUW�WR�&RQJUHVV���&XUUHQW�OHYHOV�RI�GLHOGULQ�DQG�3&%V�DUH�ORZHU�WKDQ�WKRVH�SUHVHQWHG�LQ�WKH
)LUVW�5HSRUW�WR�&RQJUHVV��KRZHYHU��WKH\�FRQWLQXH�WR�H[FHHG�WKH�PRVW�VWULQJHQW�ZDWHU�TXDOLW\
FULWHULD�IRU�WKH�*UHDW�/DNHV�E\�D�VXEVWDQWLDO�PDUJLQ��WHQV�WR�KXQGUHGV�RI�WLPHV����7KHVH�PRVW
VWULQJHQW�FULWHULD�LQFRUSRUDWH�ELRPDJQLILFDWLRQ�XS�WKH�IRRG�FKDLQ��DQG�VR�GLIIHU�IURP�FULWHULD�IRU
GLUHFW�H[SRVXUH�WR�ZDWHU���,Q�DGGLWLRQ��WKH�UHSRUWHG�FRQFHQWUDWLRQV�RI�''7�''(�PD\�H[FHHG�WKH
FXUUHQW�ZDWHU�TXDOLW\�FULWHULD�XQGHU�WKH�*UHDW�/DNHV�,QLWLDWLYH��KRZHYHU��WKH�SRVVLEOH�H[FHHGDQFH
LV�GLIILFXOW�WR�HVWDEOLVK�JLYHQ�DQDO\VLV�OLPLWDWLRQV���7KXV��HYHQ�WKRXJK�PDVV�HPLVVLRQV�RI�WKHVH
SROOXWDQWV�KDYH�GHFUHDVHG�GUDPDWLFDOO\�DV�D�UHVXOW�RI�DFWLRQV�WDNHQ�WR�EDQ�RU�UHVWULFW�WKH
PDQXIDFWXUH�DQG�XVH�RI�WKHVH�VXEVWDQFHV��WKH�ORQJ�WHUP�SHUVLVWHQFH�RI�WKHVH�SROOXWDQWV�LQ�WKH
HQYLURQPHQW��DQG�DSSDUHQW�F\FOLQJ�DPRQJ�PHGLD��FDXVH�WKHVH�FRPSRXQGV�WR�UHPDLQ�SROOXWDQWV
RI�FRQFHUQ�WR�WKH�*UHDW�/DNHV���7KHUHIRUH��WKHVH�SROOXWDQWV�ZDUUDQW�FRQWLQXHG�PRQLWRULQJ�DQG
WUDFNLQJ�XQWLO�OHYHOV�QR�ORQJHU�H[FHHG�UHOHYDQW�FULWHULD�RU�VWDQGDUGV�

$PRQJ�WKH�*UHDW�:DWHUV��WKH�RQO\�VLJQLILFDQW�VRXUFHV�RI�GULQNLQJ�ZDWHU�DUH�WKH�*UHDW
/DNHV�DQG�/DNH�&KDPSODLQ���7KH�GULQNLQJ�ZDWHU�V\VWHPV�XVLQJ�WKHVH�VRXUFHV�DUH�QRW�NQRZQ�WR
KDYH�H[FHHGDQFHV�RI�GULQNLQJ�ZDWHU�VWDQGDUGV�IRU�WKH�SROOXWDQWV�RI�FRQFHUQ��LQFOXGLQJ�WR[LFV�DQG
QLWUDWHV�

'HVFULSWLRQ�RI�5HYLVLRQV�WR�5HTXLUHPHQWV��6WDQGDUGV��RU�/LPLWDWLRQV
3XUVXDQW�WR�WKH�&OHDQ�$LU�$FW�DQG�2WKHU�$SSOLFDEOH�)HGHUDO�/DZV��DV
1HFHVVDU\��

6HFWLRQ�����P�����(��UHTXLUHV�WKDW�(3$�GHVFULEH�LQ�WKLV�UHSRUW�DQ\�UHYLVLRQV�WR�WKH
UHTXLUHPHQWV��VWDQGDUGV��DQG�OLPLWDWLRQV�SXUVXDQW�WR�WKH�&OHDQ�$LU�$FW�DQG�RWKHU�DSSOLFDEOH
IHGHUDO�ODZV�WKDW�DUH�QHFHVVDU\�WR�DVVXUH�SURWHFWLRQ�RI�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW���,Q
UHYLHZLQJ�UHOHYDQW�UHTXLUHPHQWV��VWDQGDUGV��DQG�OLPLWDWLRQV�HVWDEOLVKHG�SXUVXDQW�WR�DSSOLFDEOH
VWDWXWHV��(3$�KDV�IRXQG�WKDW�VXFK�UHVWULFWLRQV�DUH�DFKLHYLQJ�VLJQLILFDQW�UHGXFWLRQV�LQ�UHOHDVHV�RI
WKH�SROOXWDQWV�RI�FRQFHUQ���)RU�H[DPSOH��WKH�WHFKQRORJ\�EDVHG�VWDQGDUGV�WKDW�KDYH�EHHQ��DQG�DUH
EHLQJ��GHYHORSHG�DQG�SURPXOJDWHG�IRU�VWDWLRQDU\�DLU�VRXUFHV�UHTXLUH�UHGXFWLRQV�LQ�DLU�HPLVVLRQV
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WKDW�UHIOHFW�WKH�PD[LPXP�WKDW�DUH�DFKLHYDEOH��LQ�DFFRUGDQFH�ZLWK�VHFWLRQ�����G����6HFWLRQ�����F����
VSHFLILFDOO\�OLVWV�IRU�VSHFLDO�DWWHQWLRQ�VHYHQ�SROOXWDQWV��DON\ODWHG�OHDG�FRPSRXQGV��SRO\F\FOLF
RUJDQLF�PDWWHU��320���KH[DFKORUREHQ]HQH��PHUFXU\��3&%V��IXUDQV����������7&')���DQG�GLR[LQV
���������7&''����7KHVH�VHYHQ�SROOXWDQWV�DUH�DOVR�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ���$
FRPSUHKHQVLYH�HPLVVLRQ�LQYHQWRU\�KDV�EHHQ�GHYHORSHG�XQGHU�VHFWLRQ�����F������DQG�IXUWKHU
VWDQGDUGV�DUH�EHLQJ�GHYHORSHG�XQGHU�VHFWLRQ�����G��

��$V�PHQWLRQHG�HDUOLHU��VHFWLRQ�����DXWKRULW\�LV�VSHFLILF�WR�+$3V�OLVWHG�XQGHU�VHFWLRQ�����E�
DQG��WKHUHIRUH��GRHV�QRW�DSSO\�WR�SROOXWDQWV�WKDW�DUH�QRW�FXUUHQWO\�OLVWHG��VXFK�DV�QLWURJHQ
FRPSRXQGV���+RZHYHU��VHYHUDO�PDMRU�SURJUDPV�KDYH�EHHQ�LPSOHPHQWHG�XQGHU�RWKHU�VHFWLRQV�RI
WKH�&OHDQ�$LU�$FW�WR�UHGXFH�HPLVVLRQV�RI�R[LGHV�RI�QLWURJHQ���VHFWLRQV�����DQG������SHUWDLQLQJ�WR
DPELHQW�DLU�VWDQGDUGV�IRU�VWDWLRQDU\�VRXUFHV�WR�SURWHFW�SXEOLF�KHDOWK�DQG�ZHOIDUH��VHFWLRQ�����
SHUWDLQLQJ�WR�DLU�UHJXODWLRQV�IRU�PRELOH�VRXUFHV��DQG�VHFWLRQ������SHUWDLQLQJ�WR�DFLG�GHSRVLWLRQ
FRQWURO��

� 1LWURJHQ�GLR[LGH�LV�OLVWHG�XQGHU�VHFWLRQ�����DV�D�SROOXWDQW�WKDW�FDXVHV�RU�FRQWULEXWHV�WR�DLU
SROOXWLRQ�WKDW�PD\�UHDVRQDEO\�EH�DQWLFLSDWHG�WR�HQGDQJHU�SXEOLF�KHDOWK�RU�ZHOIDUH���$LU�TXDOLW\
FULWHULD�KDYH�EHHQ�LVVXHG�E\�(3$�IRU�QLWURJHQ�GLR[LGH��DQG�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�KDYH
EHHQ�HVWDEOLVKHG�IRU�QLWURJHQ�GLR[LGH�XQGHU�VHFWLRQ������ZKLFK�GLUHFWV�WKH�(3$�$GPLQLVWUDWRU�WR
SURSRVH�DQG�SURPXOJDWH�SULPDU\�DQG�VHFRQGDU\�1DWLRQDO�$PELHQW�$LU�4XDOLW\�6WDQGDUGV
�1$$46��IRU�SROOXWDQWV�LGHQWLILHG�XQGHU�VHFWLRQ�������$�SULPDU\�VWDQGDUG�LV�RQH�WKDW�LV�QHFHVVDU\
WR�SURWHFW�WKH�SXEOLF�KHDOWK��DOORZLQJ�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\���$�VHFRQGDU\�VWDQGDUG��DV
GHILQHG�LQ�VHFWLRQ������PXVW�VSHFLI\�D�OHYHO�RI�DLU�TXDOLW\�QHHGHG�WR�SURWHFW�WKH�SXEOLF�ZHOIDUH
IURP�DQ\�NQRZQ�RU�DQWLFLSDWHG�DGYHUVH�HIIHFWV�DVVRFLDWHG�ZLWK�WKH�SUHVHQFH�RI�WKH�SROOXWDQW�LQ
WKH�DPELHQW�DLU���:HOIDUH�HIIHFWV��GHILQHG�LQ�VHFWLRQ�����K���LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR��HIIHFWV
RQ�VRLOV��ZDWHU��FURSV��YHJHWDWLRQ��PDWHULDOV��DQLPDOV��ZLOGOLIH��ZHDWKHU��YLVLELOLW\��DQG�FOLPDWH��
7KXV��VHFWLRQ�����SURYLGHV�DXWKRULW\�WR�DGGUHVV�D�EURDG�UDQJH�RI�SXEOLF�KHDOWK�LPSDFWV�DQG
DGYHUVH�HQYLURQPHQWDO�HIIHFWV�LQ�RUGHU�WR�DVVXUH�SURWHFWLRQ�RI�KXPDQ�KHDOWK�DQG�WKH
HQYLURQPHQW��

6HYHUDO�HIIRUWV�DUH�FXUUHQWO\�XQGHUZD\�WR�FRQWURO�HPLVVLRQV�RI�QLWURJHQ�R[LGHV���7KH
2]RQH�7UDQVSRUW�$VVHVVPHQW�*URXS��D�UHJLRQDO�ERG\�UHSUHVHQWLQJ����HDVWHUQ�DQG�PLGZHVWHUQ
VWDWHV��LV�FXUUHQWO\�HYDOXDWLQJ�DOWHUQDWLYH�UHGXFWLRQ�RSWLRQV�IRU�UHJLRQDO�FRQWURO�RI�QLWURJHQ
R[LGHV�DQG�YRODWLOH�RUJDQLF�FRPSRXQGV�LQ�RUGHU�WR�DFKLHYH�DWWDLQPHQW�RI�WKH�FXUUHQW�1$$46�IRU
R]RQH���,Q�DGGLWLRQ��(3$�LV�FRQVLGHULQJ�UHYLVLRQV�WR�WKH�1$$46�WR�DGGUHVV�WKH�PRVW�UHFHQW
LQIRUPDWLRQ�DERXW�KHDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�RI�R]RQH�DQG�ILQH�SDUWLFXODWH�PDWWHU���$
VXEFRPPLWWHH�RI�WKH�&OHDQ�$LU�$FW�$GYLVRU\�&RPPLWWHH�FKDUWHUHG�XQGHU�WKH�)HGHUDO�$GYLVRU\
&RPPLWWHH�$FW�LV�HYDOXDWLQJ�UHJLRQDO�DSSURDFKHV�WR�WKH�PDQDJHPHQW�RI�HPLVVLRQV�RI�QLWURJHQ
R[LGHV��VXOIXU�GLR[LGH��ILQH�SDUWLFXODWH�PDWWHU��DQG�YRODWLOH�RUJDQLF�FRPSRXQGV�WR�DWWDLQ�WKH
SURSRVHG�UHYLVLRQV�WR�WKH�R]RQH�DQG�SDUWLFXODWH�PDWWHU�1$$46�DQG�WKH�QDWLRQDO�JRDOV�RI�WKH
UHJLRQDO�KD]H�SURJUDP���7RJHWKHU�WKHVH�HIIRUWV�DUH�H[SHFWHG�WR�UHVXOW�LQ�VXEVWDQWLDO�UHGXFWLRQV�LQ
HPLVVLRQV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ��ZLWK�VLJQLILFDQW�DGGLWLRQDO�EHQHILWV�WR�JHRJUDSKLF�DUHDV
VXFK�DV�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG�

)XUWKHUPRUH��VHFWLRQ�����UHTXLUHV�WKDW�VWDQGDUGV�IRU�PRWRU�YHKLFOHV�EH�HVWDEOLVKHG��DV
QHHGHG��WR�UHGXFH�HPLVVLRQV�WKDW�FDXVH�RU�FRQWULEXWH�WR�DLU�SROOXWLRQ�WKDW�PD\�UHDVRQDEO\�EH
DQWLFLSDWHG�WR�HQGDQJHU�SXEOLF�KHDOWK�RU�ZHOIDUH���5HJXODWLRQV�XQGHU�WKLV�VHFWLRQ�DSSO\�WR
HPLVVLRQV�RI�QLWURJHQ�R[LGHV���6HFWLRQ������$FLG�'HSRVLWLRQ�&RQWURO��LGHQWLILHV�WKH�SUHVHQFH�RI
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DFLGLF�FRPSRXQGV�DQG�WKHLU�SUHFXUVRUV�LQ�WKH�DWPRVSKHUH��DQG�LQ�GHSRVLWLRQ�IURP�WKH
DWPRVSKHUH��DV�D�WKUHDW�WR�QDWXUDO�UHVRXUFHV��HFRV\VWHPV��PDWHULDOV��YLVLELOLW\��DQG�SXEOLF�KHDOWK��
7KH�SULQFLSDO�VRXUFHV�RI�DFLGLF�FRPSRXQGV�DQG�WKHLU�SUHFXUVRUV�LQ�WKH�DWPRVSKHUH��DV�LGHQWLILHG
LQ�VHFWLRQ������LQFOXGH�QLWURJHQ�R[LGHV�IURP�WKH�FRPEXVWLRQ�RI�IRVVLO�IXHOV���$�SURJUDP�IRU
UHGXFLQJ�HPLVVLRQV�RI�QLWURJHQ�R[LGHV�IURP�FRDO�ILUHG�HOHFWULF�XWLOLW\�SRZHU�SODQWV�KDV�EHHQ
SURPXOJDWHG�XQGHU�VHFWLRQ�����RI�WKH�&OHDQ�$LU�$FW���,Q�WKH�$FLG�5DLQ�3KDVH�,,�12 �(PLVVLRQ[

5HGXFWLRQ�5XOH��)HGHUDO�5HJLVWHU��'HFHPEHU������������ZDWHU�TXDOLW\�EHQHILWV�DUH�FLWHG�LQ�WKH
SUHDPEOH�MXVWLILFDWLRQ�DV�D�EDVLV�IRU�(3$
V�GHFLVLRQ�WR�H[HUFLVH�VWDWXWRU\�GLVFUHWLRQ�WR�ORZHU
HPLVVLRQ�OLPLWV�IRU�FHUWDLQ�FRDO�ILUHG�XWLOLW\�ERLOHUV��NQRZQ�DV�*URXS����DQG�DV�DQ�HQYLURQPHQWDO
LPSDFW�RI�HVWDEOLVKLQJ�HPLVVLRQ�OLPLWV�IRU�RWKHU�ERLOHU�W\SHV��NQRZQ�DV�*URXS������(XWURSKLFDWLRQ
LV�OLVWHG�ZLWK�R]RQH�DQG�DFLG�GHSRVLWLRQ�LQ�WKH�VXPPDU\�WDEOH�RI�HQYLURQPHQWDO�HIIHFWV��

3HVWLFLGHV�WKDW�DUH�LQFOXGHG�DV�SROOXWDQWV�RI�FRQFHUQ�KDYH�EHHQ��DQG�FRQWLQXH�WR�EH�
HIIHFWLYHO\�DGGUHVVHG�E\�DFWLRQV�WDNHQ�XQGHU�UHOHYDQW�VWDWXWHV���$OVR��3&%�UHOHDVHV�KDYH�EHHQ��DQG
DUH�EHLQJ��HIIHFWLYHO\�UHGXFHG���:KLOH�FRQFHQWUDWLRQV�RI�VRPH�RI�WKHVH�SROOXWDQWV�RI�FRQFHUQ�LQ
WKH�ZDWHUERGLHV�RU�LQ�DQLPDO�WLVVXH�UHPDLQ�XQDFFHSWDEO\�KLJK��FXUUHQW�UHOHDVHV�RI�WKHVH
SROOXWDQWV�DUH�EHLQJ�HIIHFWLYHO\�PDQDJHG���,W�LV�LPSRUWDQW�WR�QRWH�WKDW��DOWKRXJK�FXUUHQW�HIIRUWV
DUH�HIIHFWLYH�DQG�DSSURSULDWH��VRPH�OHYHO�RI�ULVN�WR�WKH�SXEOLF�KHDOWK�DQG�WR�WKH�HQYLURQPHQW�PD\
FRQWLQXH�IRU�\HDUV�LQWR�WKH�IXWXUH�GXH�WR�SUHYLRXV�UHOHDVHV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�DQG�WKHLU
SHUVLVWHQFH�LQ�HQYLURQPHQWDO�PHGLD�IRU�PXOWLSOH�GHFDGHV�

9DULRXV�HIIRUWV�DUH�EHLQJ�WDNHQ�E\�(3$�WKDW�ZLOO�SURYLGH�VLJQLILFDQW�FRQFRPLWDQW�EHQHILWV
WKURXJK�UHGXFWLRQ�RI�SROOXWDQWV�(3$�DGGUHVVHV�XQGHU�VHFWLRQ�����P����$W�WKLV�WLPH��QR�VSHFLILF
UHYLVLRQV�WR�UHTXLUHPHQWV��VWDQGDUGV��DQG�OLPLWDWLRQV�SXUVXDQW�WR�WKH�&OHDQ�$LU�$FW�RU�RWKHU
UHOHYDQW�IHGHUDO�VWDWXWHV�KDYH�EHHQ�LGHQWLILHG�DV�QHFHVVDU\�WR�DVVXUH�SURWHFWLRQ�RI�KXPDQ�KHDOWK
DQG�WKH�HQYLURQPHQW�LQ�UHVSRQVH�WR�VHFWLRQ�����P��DVVHVVPHQWV���,Q�WKH�IXWXUH��DV�(3$�HYDOXDWHV
SURJUHVV�RI�RQJRLQJ�HIIRUWV�DQG�FRQVLGHUV�QHZ�LQIRUPDWLRQ�DV�LW�EHFRPHV�DYDLODEOH��QHZ
DSSURDFKHV�PD\�EH�SXUVXHG�

9�%��)XWXUH�'LUHFWLRQV�

$V�GHVFULEHG�WKURXJKRXW�WKH�UHSRUW��QRWDEOH�SURJUHVV�KDV�EHHQ�PDGH�WR�IXUWKHU�WKH
NQRZOHGJH�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV���$V�QHZ�LQIRUPDWLRQ
EHFRPHV�DYDLODEOH�RQ�DWPRVSKHULF�SROOXWDQW�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV��TXHVWLRQV�RU�LVVXHV
DUH�H[SHFWHG�WR�DULVH�WKDW�ZLOO�UHTXLUH�IXUWKHU�LQYHVWLJDWLRQ�RU�DFWLRQ���$W�WKLV�WLPH��(3$�KDV
LGHQWLILHG�DUHDV�ZKHUH�LQIRUPDWLRQ�LV�OLPLWHG�DQG�KDV�LGHQWLILHG�VRPH�VSHFLILF�GLUHFWLRQV�WKDW
QHHG�WR�EH�WDNHQ�WR�DGYDQFH�WKH�XQGHUVWDQGLQJ�RI�LVVXHV�UHOHYDQW�WR�WKH�*UHDW�:DWHUV�SURJUDP�

'HWHUPLQH�0DQDJHPHQW�5HJXODWRU\�$FWLRQV�IRU�)RFXV�3ROOXWDQWV�

(3$�SODQV�WR�FRQWLQXH�HYDOXDWLQJ�WKH����SROOXWDQWV�RI�FRQFHUQ��IRFXVLQJ�RQ�WKRVH�WKDW�DUH
FXUUHQWO\�EHLQJ�HPLWWHG�WR�WKH�DLU�IURP�VRXUFHV�VXEMHFW�WR�UHJXODWLRQV�XQGHU�WKH�&$$���)RU
H[DPSOH��HPSKDVLV�ZLOO�EH�SODFHG�RQ�WKH�VHYHQ�SROOXWDQWV�RI�FRQFHUQ�DGGUHVVHG�LQ�VHFWLRQ
����F�������(PLVVLRQ�LQYHQWRULHV�KDYH�EHHQ�GHYHORSHG�IRU�WKHVH�SROOXWDQWV�DQG�ZLOO�SURYLGH�XVHIXO
LQIRUPDWLRQ�RQ�VRXUFHV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV���(3$
V�$LU�7R[LFV�SURJUDP
KDV�UHFHQWO\�SUHSDUHG�VRPH�QRWDEOH�VWXGLHV�WKDW�PD\�KDYH�LPSOLFDWLRQV�WR�WKH�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ��LQFOXGLQJ�WKH�,QWHULP�5HSRUW�WR�&RQJUHVV�RQ�HPLVVLRQV�RI�KD]DUGRXV�DLU
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SROOXWDQWV�IURP�HOHFWULF�XWLOLWLHV���7KH�,QWHULP�5HSRUW��DORQJ�ZLWK�WKH�*UHDW�:DWHUV�6HFRQG�5HSRUW
WR�&RQJUHVV�DQG�VSRQVRUHG�VWXGLHV��FRQWULEXWH�LQIRUPDWLRQ�IRFXVHG�RQ�SHUVLVWHQW�SROOXWDQWV�WR
(3$
V�RQJRLQJ�DFWLRQV�HVWDEOLVKLQJ�HPLVVLRQ�VWDQGDUGV�XQGHU�VHFWLRQ�����G����$V�WKHVH�VWDQGDUGV
FRQWLQXH�WR�EHFRPH�LPSOHPHQWHG��VLJQLILFDQW�UHGXFWLRQV�LQ�+$3V�DUH�H[SHFWHG��LQFOXGLQJ�WKH
SHUVLVWHQW�FKHPLFDOV�RI�LPSRUWDQFH�WR�ZDWHUERGLHV���,Q�DGGLWLRQ�WR�WKHVH�DFWLYLWLHV��(3$�LV
FRQVLGHULQJ�IXWXUH�PDQDJHPHQW�DQG�RU�UHJXODWRU\�DFWLRQV�IRU�VRPH�SROOXWDQWV�RI�FRQFHUQ��VRPH
RI�ZKLFK�DUH�GHVFULEHG�EHORZ��

&RQWLQXH�0RQLWRULQJ�DQG�5HVHDUFK�(IIRUWV�WR�6XSSRUW
0DQDJHPHQW�5HJXODWRU\�$FWLRQV�

(3$�SODQV�WR�FRQWLQXH�VXSSRUWLQJ�PRQLWRULQJ�DQG�UHVHDUFK�HIIRUWV�WKDW�SURYLGH
LQIRUPDWLRQ�IRU�UHJXODWRU\�DQG�PDQDJHPHQW�DFWLRQV�IRU�SROOXWDQWV�RI�FRQFHUQ���0RQLWRULQJ
DOORZV�WUDFNLQJ�RI�FXUUHQW�DQG�IXWXUH�UHGXFWLRQV�DQG�HYDOXDWLRQ�RI�(3$�SURJUDP�HIIHFWLYHQHVV��
,Q�DGGLWLRQ��PRQLWRULQJ�VXSSRUWV�WKH�GHYHORSPHQW�DQG�YDOLGDWLRQ�RI�DWPRVSKHULF�WUDQVSRUW
PRGHOV�WKDW�HQKDQFH�(3$
V�SURJUDP�LPSOHPHQWDWLRQ�DQG�SUHGLFWLYH�FDSDELOLWLHV���5HVHDUFK
SURMHFWV�LQFOXGH�ZRUN�WKDW�H[SDQGV�FXUUHQW�PRQLWRULQJ�FDSDELOLWLHV��LQFUHDVHV�NQRZOHGJH�RI
F\FOLQJ�DQG�WUDQVSRUW�RI�FRQWDPLQDQWV��DQG�HYDOXDWHV�HQYLURQPHQWDO�HIIHFWV���

® ([SRVXUH�DQG�(IIHFWV���$�SURFHVV�WR�FRRUGLQDWH�UHVHDUFK�VWUDWHJLHV�RQ�SHUVLVWHQW�SROOXWDQWV
KDV�EHJXQ�DPRQJ�VHYHUDO�RIILFHV�ZLWKLQ�(3$���,W�LV�H[SHFWHG�WKDW�WKHVH�VWXGLHV�ZLOO
LPSURYH�RXU�XQGHUVWDQGLQJ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�DPELHQW�FRQFHQWUDWLRQV�LQ
QDWXUDO�PHGLD��ZDWHU��DLU��DQG�VHGLPHQWV���EXUGHQV�RI�SROOXWDQWV�LQ�WLVVXHV�RI�OLYLQJ�ELRWD�
DQG�DVVRFLDWHG�HIIHFWV���([SRVXUH�DQG�HIIHFWV�UHVHDUFK�ZLOO�EXLOG�RQ�PHWKRGV�XVHG�WR
GHYHORS�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�&ULWHULD��ZKLFK�LQFRUSRUDWH�FRQVLGHUDWLRQ�RI
ELRPDJQLILFDWLRQ���7KHVH�W\SHV�RI�UHVHDUFK�DUH�FHQWUDO�WR�LQFUHDVLQJ�RXU�DELOLW\�WR�DVVHVV
WKH�LPSDFW�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV�DQG�GHILQH�HIILFLHQW�DSSURDFKHV
WR�UHGXFLQJ�H[SRVXUHV�DQG�ULVNV�WR�KXPDQV�DQG�ZLOGOLIH��

® 0HUFXU\�DQG�&RPSRXQGV���0HUFXU\�LV�D�JOREDO�SROOXWDQW��DQG�LV�XVHG�LQ�LQGXVWULHV�DQG
UHOHDVHG�IURP�FRPEXVWLRQ��PDQXIDFWXULQJ��DQG�QDWXUDO�SURFHVVHV���7KURXJK�FKDQJHV�LQ�LWV
LRQLF�DQG�PROHFXODU�FKHPLVWU\��PHUFXU\�FDQ�EH�PRELOH�DPRQJ�WKH�DWPRVSKHUH��ZDWHUV�
ELRWD��DQG�VRLO�RU�VHGLPHQWV���(3$�LV�FRPPLWWHG�WR�LGHQWLI\LQJ�IHDVLEOH�RSWLRQV�IRU
UHGXFLQJ�RU�SUHYHQWLQJ�HPLVVLRQV�RI�PHUFXU\���$OVR��IROORZLQJ�FRPSOHWLRQ�RI�(3$
V
0HUFXU\�6WXG\�5HSRUW�WR�&RQJUHVV��WKH�UHVXOWV�ZLOO�EH�XVHG�LQ�WKH�SURFHVV�RI�LGHQWLI\LQJ
VRXUFHV�RI�PHUFXU\�HPLVVLRQV�DQG�LQ�SULRULWL]LQJ�PHUFXU\�UHGXFWLRQ�VWUDWHJLHV���7R�GDWH�
PRVW�URXWLQH�PRQLWRULQJ�IRU�DWPRVSKHULF�PHUFXU\�GRHV�QRW�SURYLGH�NH\�LQIRUPDWLRQ
QHHGHG�WR�HYDOXDWH�WKH�VRXUFHV�DQG�LPSDFWV�RI�PHUFXU\�ORDGLQJV���7KLV�LV�GXH�WR�WKH
UHODWLYHO\�UHFHQW�GHYHORSPHQW�RI�PHUFXU\�WHFKQLTXHV�WKDW�GLIIHUHQWLDWH�EHWZHHQ�WKH
YDULRXV�PROHFXODU�VWDWHV�RI�PHUFXU\�DQG�KDYH�QRW�\HW�EHHQ�ZLGHO\�DQG�URXWLQHO\�XVHG��
+RZHYHU��WKHVH�WHFKQLTXHV�KDYH�EHHQ�XVHG�RQ�D�UHVHDUFK�EDVLV�FRQFXUUHQW�ZLWK
PRQLWRULQJ�IRU�RWKHU�PHWDOV��LQ�RUGHU�WR�REWDLQ�DQ�DWPRVSKHULF��ILQJHUSULQW��WKDW�DLGV�LQ
WKH�LGHQWLILFDWLRQ�RI�VRXUFHV���0RQLWRULQJ�IRU�PHUFXU\�LV�H[SHFWHG�WR�FRQWLQXH�LQ�ELRWD�
DWPRVSKHUH��DQG�RWKHU�FRPSRQHQWV�RI�HFRV\VWHPV��SDUWLFXODUO\�LQ�WKH�*UHDW�/DNHV�UHJLRQ��
0RQLWRULQJ�VKRXOG�FRQWLQXH��WR�WUDFN�IXWXUH�UHGXFWLRQV�RI�PHUFXU\��DV�HPLVVLRQV�LQ�WKH
8QLWHG�6WDWHV�DUH�H[SHFWHG�WR�GHFUHDVH�XSRQ�LPSOHPHQWLQJ�UHFHQW�&$$�UHJXODWLRQV�VXFK
DV�WKH�PXQLFLSDO�ZDVWH�FRPEXVWRU�UXOH��DQG�WKH�SURSRVHG�VWDQGDUGV�IRU�PHGLFDO�ZDVWH
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LQFLQHUDWRUV�DQG�IRU�KD]DUGRXV�ZDVWH�FRPEXVWRUV���7KH�HIIHFWLYHQHVV�RI�YROXQWDU\
LQLWLDWLYHV�DOVR�VKRXOG�EH�HYDOXDWHG�

® &RPEXVWLRQ�(PLVVLRQV���&RPEXVWLRQ�HPLVVLRQV��320�3$+V��GLR[LQV��IXUDQV��DQG�3&%V�
DUH�SDUW�RI�WKH�(3$
V�WR[LFV�FRQWURO�HIIRUWV�XWLOL]LQJ�UHJXODWLRQ��SROOXWLRQ�SUHYHQWLRQ�
YROXQWDU\�PHDVXUHV��DQG�RWKHU�DSSURDFKHV���5HOHDVHV�WKDW�DIIHFW�WKH�*UHDW�:DWHUV�LQFOXGH
SDVW�XVDJH��FRPEXVWLRQ��LQFOXGLQJ�FRPEXVWLRQ�RI�ZDVWHV���DQG�F\FOLQJ�RU�PRYHPHQWV
DPRQJ�WKH�FRPSRQHQWV�RI�HFRV\VWHPV���)RU�H[DPSOH��DOWKRXJK�3&%V�KDYH�QRW�EHHQ
PDQXIDFWXUHG�IRU�D�ORQJ�WLPH��WKH\�UHPDLQ�LQ�XVH�ZLWKLQ�H[LVWLQJ�HOHFWULFDO�HTXLSPHQW��
:KHQ�UHOHDVHG�LQWR�WKH�HQYLURQPHQW��3&%V�KDYH�SURYHQ�WR�EH�RQH�RI�WKH�PRVW�SHUVLVWHQW
RI�WKH�SROOXWDQWV�RI�FRQFHUQ���5HJXODWRU\�DFWLRQ�WR�FRQWURO�WKHVH�SROOXWDQWV�XQGHU�WKH�&$$
FDQ�EH�FRPSOH[�EHFDXVH�FXUUHQW�HPLVVLRQV�RI�WKHVH�WR[LFV�IURP�DQ\�RQH�VRXUFH�PD\�EH�D
VPDOO�SHUFHQW�RI�WRWDO�ORDGLQJV���+RZHYHU��WKHLU�SHUVLVWHQFH�DQG�WKH�WHQGHQF\�RI�PDQ\�RI
WKH�FKHPLFDO�VSHFLHV�WR�ELRPDJQLI\�JLYHV�WKHP�D�SDUWLFXODU�LPSRUWDQFH���5HVHDUFK�RQ
HIIHFWV�WR�ZLOGOLIH�DVVRFLDWHG�ZLWK�HQYLURQPHQWDO�H[SRVXUHV��LQFOXGLQJ�PL[WXUHV�RI�WR[LFV�
LV�H[SHFWHG�WR�FRQWLQXH���0RQLWRULQJ�RI�ILVK�HDWLQJ�ELUGV�DQG�RWKHU�ZLOGOLIH�LQ�WKH�*UHDW
/DNHV�VKRXOG�EH�SHUIRUPHG�ZLWK�UHVSHFW�WR�WKHLU�JHRJUDSKLF�UHODWLRQ�ZLWK�WKH�$UHDV�RI
&RQFHUQ��$2&V����7KH�FRPSRXQGV�JURXSHG�XQGHU�320��LQFOXGLQJ�3$+V��KDYH�KDG�OHVV
DWWHQWLRQ�LQ�PRQLWRULQJ�LQ�WKH�SDVW��EXW�EHFDXVH�WKH\�DUH�VWLOO�EHLQJ�HPLWWHG��VSHFLDO�IRFXV
RQ�PRQLWRULQJ�DQG�VWXGLHV�RI�HIIHFWV�DUH�H[SHFWHG���3$+�WUHQGV�DUH�FXUUHQWO\�WUDFNHG�LQ
WKH�*UHDW�/DNHV�

® 3HVWLFLGHV���3HUVLVWHQW�SHVWLFLGHV��FKORUGDQH��''7�''(��GLHOGULQ��KH[DFKORUREHQ]HQH�
��+&+��OLQGDQH��DQG�WR[DSKHQH��DUH�GLIILFXOW�WR�FRQWURO�WKURXJK�UHJXODWLRQ�XQGHU�WKH
&$$�VLQFH�WKH�PRVW�VLJQLILFDQW�SRWHQWLDO�VRXUFHV�WR�WKH�*UHDW�:DWHUV�PD\�QRW�EH�IURP
FXUUHQW�HPLVVLRQV���5HOHDVHV�E\�VHYHUDO�SDWKZD\V�WR�WKH�*UHDW�:DWHUV�DUH�GXH�LQ�PDQ\
FDVHV�WR�SDVW�XVH��RIWHQ�RYHU�FRQVLGHUDEOH�DUHDV��ZKLOH�F\FOLQJ�RU�PRYHPHQWV�DPRQJ�*UHDW
:DWHUV
�HFRV\VWHP�FRPSRQHQWV�FDQ�UHOHDVH�HDUOLHU�FRQWDPLQDWLRQ���,Q�DGGLWLRQ��FXUUHQW
KXPDQ�DFWLYLWLHV��LQFOXGLQJ�FRPEXVWLRQ��FDQ�VWLOO�HPLW�VPDOO�TXDQWLWLHV���8VH�RI�DOO�WKH
SHVWLFLGHV�RI�FRQFHUQ�DUH�HLWKHU�FDQFHOHG�RU�VHYHUHO\�UHVWULFWHG�LQ�WKH�8QLWHG�6WDWHV��\HW
WKH\�FRQWLQXH�WR�EH�IRXQG�LQ�VHGLPHQWV�RI�ZDWHUERGLHV���5HVHDUFK�LV�H[SHFWHG�WR�IRFXV�RQ
SRVVLEOH�FXUUHQW�VRXUFHV�DV�E\SURGXFWV�RU�ORQJ�UDQJH�WUDQVSRUW�RI�WR[DSKHQH�DQG�GLHOGULQ
GXH�WR�WKHLU�FRQWLQXHG�LPSRUWDQFH�LQ�VRPH�RI�WKH�*UHDW�/DNHV���7KHVH�FKHPLFDOV�DUH
UHWDLQHG�RQ�WKH�OLVW�RI�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ��DQG�(3$�EHOLHYHV�WKDW�HIIRUWV�DW
SUHYHQWLQJ�DQG�FRQWUROOLQJ�UHOHDVHV�RI�WKHVH�FKHPLFDOV�DUH�ZDUUDQWHG��LQFOXGLQJ
FRQWLQXHG�PRQLWRULQJ�XQWLO�OHYHOV�QR�ORQJHU�ZDUUDQW�ILVK�DGYLVRULHV�RU�H[FHHG�ZDWHU
TXDOLW\�FULWHULD�DQG�VWDQGDUGV���

® 1LWURJHQ�&RPSRXQGV���(3$�LV�IRFXVLQJ�RQ�PDQDJHPHQW�VWUDWHJLHV�WR�UHGXFH�QLWURJHQ
R[LGH��12 ��HPLVVLRQV���(3$�H[SHFWV�WKDW�WRWDO�12 �HPLVVLRQV�ZLOO�JUDGXDOO\�GHFOLQH�DERXW[ � �� � � � � [

VL[�SHUFHQW�IURP�FXUUHQW�OHYHOV�E\�WKH�\HDU������GXH�WR�PDQGDWRU\�&$$�SURJUDPV��$IWHU
WKH�\HDU�������WKH�WRWDO�QDWLRQDO�12 �HPLVVLRQV�DUH�H[SHFWHG�WR�JUDGXDOO\�LQFUHDVH�GXH�WR[

SRSXODWLRQ�JURZWK���(3$�LV�GHYHORSLQJ�WKH�,QWHJUDWHG�12 �6WUDWHJ\��ZKLFK�RXWOLQHV�DQ[

LQWHJUDWHG�DSSURDFK�WR�FRQWUROV�RQ�PRELOH�DQG�VWDWLRQDU\�VRXUFHV�WKURXJK�FRVW�HIIHFWLYH
PHFKDQLVPV���7KH�6WUDWHJ\�VWUHVVHV�WKDW�FRQVLGHUDWLRQ�RI�WKH�PDQ\�HQYLURQPHQWDO�HIIHFWV
RI�12 �HPLVVLRQV�VKRXOG�VWURQJO\�LQIOXHQFH�SROLF\�GHFLVLRQV�UHJDUGLQJ�WKH�FRQWURO�RI�12[� � � � � � � � � � � [

HPLVVLRQV���$FFRUGLQJO\��(3$�FRQWLQXHV�WR�ZRUN�LQ�FRRUGLQDWLRQ�ZLWK�D�ZLGH�UDQJH�RI
VWDNHKROGHUV�WR�GHYHORS�DQG�LPSOHPHQW�QHZ�PRELOH�DQG�VWDWLRQDU\�VRXUFH�FRQWURO
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SURJUDPV�DW�WKH�IHGHUDO��VWDWH��DQG�ORFDO�OHYHOV�WR�UHGXFH�12 �HPLVVLRQV���0RQLWRULQJ�RI[

IXWXUH�UHGXFWLRQV�LQ�FRQMXQFWLRQ�ZLWK�HVWXDULQH��ZDWHUVKHG��DQG�DFLG�GHSRVLWLRQ�VWXGLHV�LV
H[SHFWHG�WR�FRQWLQXH���0RQLWRULQJ�VKRXOG�FRQWLQXH�WR�LQFOXGH�D�FRPSUHKHQVLYH�DSSURDFK
WKDW�DGGUHVVHV�ZHW�DQG�GU\�GHSRVLWLRQ�RI�JDVHV�DQG�SDUWLFXODWHV���$GGLWLRQDO�UHVHDUFK�ZLOO
SURFHHG�RQ�LPSURYLQJ�PRQLWRULQJ�PHWKRGV�IRU�GU\�SDUWLFOHV�DQG�RQ�TXDQWLI\LQJ�WKH
UHODWLYH�FRQWULEXWLRQ�RI�WKH�FKHPLFDO�VSHFLHV�RI�QLWURJHQ�FRPSRXQGV�WR�WRWDO�ORDGLQJ��
0RGHOLQJ�ZLOO�EH�LPSRUWDQW�LQ�DGGUHVVLQJ�WKH�PXOWLSOH�TXHVWLRQV�DQG�EHQHILWV�WKDW
VWUDWHJLHV�IRU�UHGXFLQJ�12 �DUH�GHYHORSLQJ�LQ�FRQMXQFWLRQ�ZLWK�SURJUDPV�RQ�R]RQH�DQG[

ILQH�SDUWLFXODWH�PDWWHU��DV�ZHOO�DV�LPSDFWV�RQ�ZDWHUERGLHV�

([SDQG�0RGHOLQJ�(IIRUWV�WR�(VWLPDWH�$WPRVSKHULF�/RDGLQJV�WR�*UHDW�:DWHUV

$V�GDWD�FRQWLQXH�WR�EH�JDWKHUHG�IURP�VWXGLHV�WKDW�ZHUH�LQLWLDWHG�LQ�UHFHQW�\HDUV��WKH
UHVXOWV�ZLOO�OHDG�WR�EHWWHU�FKDUDFWHUL]DWLRQ�RI�DWPRVSKHULF�ORDGLQJV�WR�WKH�*UHDW�:DWHUV���2QH
SDUWLFXODU�VWXG\�WKDW�VKRXOG�SURYLGH�FRPSUHKHQVLYH�LQIRUPDWLRQ�LV�WKH�/DNH�0LFKLJDQ�0DVV
%DODQFH�0RGHO���7KLV�PRGHO�VKRXOG�EH�DGDSWHG�DQG�DSSOLHG�WR�DGGLWLRQDO�ZDWHUERGLHV���(3$�DOVR
EHOLHYHV�WKDW�PRUH�LQYHVWLJDWLRQ�LV�QHHGHG�WR�DVVHVV�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR
SROOXWDQW�ORDGLQJV�IURP�XUEDQ��VWRUPZDWHU��DQG�DJULFXOWXUDO�UXQRII�IURP�WKH�ZDWHUVKHG���7KLV
NLQG�RI�ZRUN�LV�FXUUHQWO\�EHLQJ�SHUIRUPHG�IRU�QLWURJHQ�FRPSRXQGV�LQ�&KHVDSHDNH�%D\���5HVXOWV
IURP�VXFK�SURMHFWV�ZLOO�SURYLGH�PRUH�FRPSUHKHQVLYH�LQIRUPDWLRQ�WR�DVVHVV�WKH�FRPSOHWH�SLFWXUH
RI�DWPRVSKHULF�ORDGLQJV�WR�WKH�*UHDW�:DWHUV��

,QFUHDVH�)RFXV�RQ�,GHQWLILFDWLRQ�RI�(PLVVLRQ�6RXUFHV

6LJQLILFDQW�SURJUHVV�KDV�EHHQ�PDGH�LQ�HVWDEOLVKLQJ�VRXUFH�HPLVVLRQ�LQYHQWRULHV�IRU�VRPH
SROOXWDQWV�RI�FRQFHUQ���+RZHYHU��LQIRUPDWLRQ�LV�OLPLWHG�RQ�VSHFLILF�VRXUFHV�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV��HVSHFLDOO\�VRXUFHV�WKDW�DUH�UHODWLYHO\�GLVWDQW�IURP�WKH�ZDWHUERG\��
%HFDXVH�WKLV�LQIRUPDWLRQ�LV�FULWLFDO�WR�GHYHORSLQJ�ULVN�PDQDJHPHQW�VWUDWHJLHV��(3$�EHOLHYHV�WKDW
PRUH�HIIRUW�VKRXOG�EH�SODFHG�RQ�GHWHUPLQLQJ�SRWHQWLDO�VRXUFHV�RI�WKHVH�DLUERUQH�SROOXWDQWV��ZLWK
HPSKDVLV�RQ�LGHQWLI\LQJ�VLJQLILFDQW�VRXUFHV��ERWK�ORFDO�DQG�ORQJ�UDQJH���$V�GHVFULEHG�DERYH�
VRXUFH�HPLVVLRQ�LQYHQWRULHV�KDYH�EHHQ�LQLWLDWHG�LQ�WKH�*UHDW�/DNHV�UHJLRQ�DQG�QDWLRQDOO\��ZKLFK
ZLOO�EH�LPSRUWDQW�LQ�LGHQWLI\LQJ�VRXUFH�FDWHJRULHV�RI�FRQFHUQ���7KH�&KHVDSHDNH�%D\�3URJUDP�KDV
PDGH�LPSRUWDQW�SURJUHVV�LQ�LGHQWLI\LQJ�ORFDO�DQG�GLVWDQW�VRXUFHV�IRU�QLWURJHQ�GHSRVLWLRQ�WR�WKH
EDVLQ��EXW�KDV�QRW�GHWHUPLQHG�WKH�VSHFLILF�VRXUFHV�WKDW�FRQWULEXWH�WKH�PRVW�WR�GHSRVLWLRQ���

$QRWKHU�IXWXUH�DUHD�RI�VWXG\�IRU�(3$�LV�DWPRVSKHULF�SROOXWDQW�GHSRVLWLRQ�IURP�VRXUFHV
RWKHU�WKDQ�FXUUHQW�DLU�HPLVVLRQV���$V�GLVFXVVHG�HDUOLHU��PDQ\�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�WR�WKH
*UHDW�:DWHUV�DUH�QR�ORQJHU�XVHG�RU�PDQXIDFWXUHG�LQ�WKH�8QLWHG�6WDWHV���KRZHYHU��WKH\�F\FOH�LQ
WKH�HQYLURQPHQW��PD\�EH�WUDQVSRUWHG�FRQVLGHUDEOH�GLVWDQFHV��DQG�WKXV�FDQ�FRQWULEXWH�VRPH
XQNQRZQ�DPRXQW�WR�WKH�ZDWHUV���,QYHVWLJDWLRQV�RQ�WKH�UHODWLYH�FRQWULEXWLRQ�RI�GHSRVLWLRQ�IURP
FXUUHQW�DFWLYLWLHV�YHUVXV�SDVW�XVH�LV�DQ�LPSRUWDQW�FRQFHUQ�WR�(3$�EHFDXVH�VHYHUDO�RI�WKHVH
SROOXWDQWV�PD\�QHHG�WR�EH�DGGUHVVHG�WKURXJK�DSSURDFKHV�WKDW�VXSSOHPHQW�SUHYHQWLRQ�PHDVXUHV
DQG�HPLVVLRQ�FRQWUROV�GHYHORSHG�XQGHU�WKH�&$$��
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&RQWLQXH�WR�3URPRWH�3ROOXWLRQ�5HGXFWLRQ�LQ�WKH�*UHDW�:DWHUV�

,Q�WKH�SDVW�IHZ�\HDUV��ORFDO��UHJLRQDO��DQG�IHGHUDO�DJHQFLHV��DV�ZHOO�DV�LQWHUQDWLRQDO
RUJDQL]DWLRQV��KDYH�ZRUNHG�WRJHWKHU�WR�GHYHORS�LQLWLDWLYHV�DQG�DJUHHPHQWV�WKDW�SURPRWH
DFWLYLWLHV�VXSSRUWLQJ�SROOXWLRQ�SUHYHQWLRQ�DQG�UHGXFWLRQ�HIIRUWV�LQ�WKH�*UHDW�:DWHUV���$V�VXFK�
VHYHUDO�RI�WKHVH�DFWLYLWLHV�ZLOO�KHOS�WR�DGGUHVV�LVVXHV�XQGHU�&$$�VHFWLRQ�������0DQ\�RI�WKHVH
SURJUDPV��ZKLFK�DUH�GHVFULEHG�LQ�&KDSWHU�,9�RI�WKLV�UHSRUW��ZHUH�GHYHORSHG�UHFHQWO\��DQG
LPSOHPHQWDWLRQ�RI�WKHVH�LQLWLDWLYHV�LV�H[SHFWHG�WR�RFFXU�LQ�WKH�QHDU�IXWXUH���(3$�LV�FRPPLWWHG�WR
FRQWLQXH�LWV�VXSSRUW�IRU��DQG�LQYROYHPHQW�LQ��WKHVH�DFWLYLWLHV���6RPH�RI�WKHVH�EURDG�LQLWLDWLYHV�DUH
KLJKOLJKWHG�EHORZ�

® 6WUDWHJLF�SROOXWLRQ�SUHYHQWLRQ�SODQV�GHYHORSHG�WKURXJK�IHGHUDO��VWDWH��DQG�ORFDO�SDUWQHUVKLSV�
�0DQ\�ZDWHUERGLHV�RI�WKH�*UHDW�:DWHUV�FXUUHQWO\�KDYH�VSHFLILF�JRDOV�RU�VWUDWHJLHV�WR
FKDUDFWHUL]H�DQG�RU�UHGXFH�ZDWHU�SROOXWLRQ�LQ�WKHLU�UHVSHFWLYH�HFRV\VWHPV���0RVW�SODQV
SURPRWH�FRPSUHKHQVLYH�DSSURDFKHV�WR�UHGXFH�FRQWDPLQDWLRQ�LQ�D�ZDWHUERG\���:KHUH
DWPRVSKHULF�GHSRVLWLRQ�LV�D�VLJQLILFDQW�FRQWULEXWRU��(3$�LV�FRPPLWWHG�WR�XVLQJ�LWV�VHFWLRQ
����DXWKRULWLHV�WR�DVVLVW�LQ�DFKLHYLQJ�WKH�HPLVVLRQ�UHGXFWLRQV�IHDVLEOH���$V�DSSURSULDWH�
RWKHU�DXWKRULWLHV�PD\�EH�FRQVLGHUHG�DV�ZHOO��H�J���SURYLVLRQV�RI�WKH�&$$�WR�UHGXFH
HPLVVLRQV�RI�QLWURJHQ�FRPSRXQGV���

® 8VH�RI�YROXQWDU\�HIIRUWV�WR�PHHW�SROOXWLRQ�UHGXFWLRQ�JRDOV���3ROOXWLRQ�UHGXFWLRQ�JRDOV�KDYH
EHHQ�GHYHORSHG�IRU�PDQ\�*UHDW�:DWHUV�DQG��LQ�PRVW�LQVWDQFHV��LPSOHPHQWDWLRQ�RI�WKHVH
JRDOV�LQYROYHV�YROXQWDU\�LQLWLDWLYHV���)RU�H[DPSOH��VWDWH�DJHQFLHV�DQG�RWKHU�VWDNHKROGHUV
LQ�WKH�*UHDW�/DNHV�UHJLRQ�KDYH�ZRUNHG�WRJHWKHU�WR�SURSRVH�YROXQWDU\��DV�ZHOO�DV
UHJXODWRU\��PHDVXUHV�WR�SUHYHQW�RU�UHGXFH�DWPRVSKHULF�PHUFXU\�FRQWDPLQDWLRQ�LQ�WKH
*UHDW�/DNHV�WKURXJK�LQFUHDVHG�SXEOLF�DZDUHQHVV��GHYHORSPHQW�RI�DOWHUQDWLYH
WHFKQRORJLHV��DQG�FDSWXULQJ�DQG�UHF\FOLQJ�RI�XQFRQWUROOHG��IXJLWLYH��UHOHDVHV���0DQ\
DFWLYLWLHV�E\�LQGXVWULHV��LQGLYLGXDOV��DQG�FLWLHV�WKDW�UHGXFH�ZDVWH�RI�HQHUJ\�DQG�GHYHORS
HIILFLHQW�WUDQVSRUWDWLRQ�DOVR�KDYH�WKH�EHQHILW�RI�UHGXFLQJ�12 �HPLVVLRQV�[

® %LQDWLRQDO�DQG�LQWHUQDWLRQDO�HIIRUWV�WR�SURPRWH�SROOXWLRQ�UHGXFWLRQ���%LQDWLRQDO�HIIRUWV�FDQ
SOD\�D�FULWLFDO�UROH�LQ�FRQWUROOLQJ�DWPRVSKHULF�SROOXWLRQ�LQ�WKH�*UHDW�/DNHV���)RU�H[DPSOH�
WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�$JUHHPHQW�DQG�WKH�UHFHQWO\�VLJQHG�%LQDWLRQDO�6WUDWHJ\�IRU
9LUWXDO�(OLPLQDWLRQ�EHWZHHQ�WKH�8QLWHG�6WDWHV�DQG�&DQDGD�KDYH�VHW�SHUFHQWDJH�UHGXFWLRQ
JRDOV�DV�VWHSV�WRZDUGV�YLUWXDO�HOLPLQDWLRQ�RI�SHUVLVWHQW��WR[LF��DQG�ELRDFFXPXODWLYH�SROOX�
WDQWV�IURP�WKH�*UHDW�/DNHV���7KURXJK�WKHVH�HQGHDYRUV��ERWK�QDWLRQV�DUH�HQFRXUDJLQJ�DQG
VXSSRUWLQJ�YROXQWDU\�SURJUDPV�DQG�RWKHU�DFWLRQV�WR�UHGXFH�JHQHUDWLRQ��XVH��DQG�UHOHDVH
RI�WR[LF�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV���,Q�DGGLWLRQ��(3$�ZRUNV�LQ�FRRSHUDWLRQ�ZLWK
RWKHU�DJHQFLHV�DQG�GHSDUWPHQWV�WR�GHYHORS�DQG�VXSSRUW�DGGLWLRQDO�ELQDWLRQDO�DQG�JOREDO
DFWLRQV�WR�DGGUHVV�DWPRVSKHULF�VRXUFHV�RI�SHUVLVWHQW�RUJDQLF�DQG�KHDY\�PHWDO�HPLVVLRQV�

® ,PSOHPHQWDWLRQ�RI�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�,QLWLDWLYH���7KH�SULPDU\�SXUSRVH�RI�WKH
*UHDW�/DNHV�:DWHU�4XDOLW\�*XLGDQFH��*/:4*��LV�WR�SURYLGH�D�FRQVLVWHQW�OHYHO�RI
SURWHFWLRQ�WR�SHRSOH��DTXDWLF�OLIH��DQG�ZLOGOLIH�WKDW�PD\�EH�H[SRVHG�WR�WR[LF�SROOXWDQWV
IURP�WKH�*UHDW�/DNHV���7R�DFFRPSOLVK�WKLV�JRDO��WKH�*/:4*�HVWDEOLVKHV�SURWHFWLYH�OHYHOV�
RU�ZDWHU�TXDOLW\�FULWHULD��IRU�WR[LF�SROOXWDQWV�IURP�DOO�VRXUFHV���(VWLPDWHV�RI�EDVLQ�ZLGH
WR[LF�UHGXFWLRQV�WKDW�ZLOO�UHVXOW�IURP�LPSOHPHQWDWLRQ�RI�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\
,QLWLDWLYH�UDQJH�IURP�����PLOOLRQ�WR�����PLOOLRQ�NLORJUDPV�RI�WR[LF�SROOXWDQWV�SHU�\HDU�
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® &RQWLQXH�WR�WDNH�VWUDWHJLF�DFWLRQV���6RPH�DUJXH�WKDW�DQ\�FRQWLQXLQJ�UHOHDVHV�RI�SHUVLVWHQW
ELRDFFXPXODWLYH�SROOXWDQWV�DGG�WR�DQ�HQYLURQPHQWDO�EXUGHQ�WKDW�LV�DOUHDG\�FDXVLQJ
HIIHFWV���(3$�EHOLHYHV�LW�LV�LPSRUWDQW�WR�EDODQFH�LWV�SUHVHQW�XQGHUVWDQGLQJ�RI�DWPRVSKHULF
GHSRVLWLRQ�DJDLQVW�WKH�LPSOLFDWLRQV�RI�LQDFWLRQ�LQ�RUGHU�WR�GHILQH�WKRVH�DFWLRQV�WKDW�DUH
MXVWLILHG�DW�WKLV�WLPH���(3$�LV�FRPPLWWHG�WR�SURWHFWLQJ�SXEOLF�KHDOWK�DQG�WKH�HQYLURQPHQW
DQG�ZLOO�SURPRWH�WDNLQJ�ZKDWHYHU�UHJXODWRU\�DFWLRQV�DQG�YROXQWDU\�LQLWLDWLYHV�DUH
DSSURSULDWH�LQ�WKH�PRVW�FRVW�HIIHFWLYH�ZD\�SRVVLEOH�

$VVHVV�(FRQRPLF�,PSDFW�RI�3ROOXWLRQ�WR�WKH�*UHDW�:DWHUV�

7KH�HFRQRPLF�LPSDFWV�DVVRFLDWHG�ZLWK�UHGXFWLRQV�RI�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV�KDYH
QRW�EHHQ�VXIILFLHQWO\�LQYHVWLJDWHG��DOWKRXJK�D�UHJXODWRU\�LPSDFW�DQDO\VLV�ZDV�UHFHQWO\�SHUIRUPHG
RQ�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�*XLGDQFH��ZKLFK�DGGUHVVHG�WKH�LPSDFWV�RI�WKH�QHZ�JXLGDQFH��
)RU�WKH�*UHDW�:DWHUV�SURJUDP��(3$�SODQV�WR�LGHQWLI\�DQG�TXDQWLI\��ZKHUH�SRVVLEOH��HFRQRPLF
LPSDFWV�DVVRFLDWHG�ZLWK�H[SRVXUH�DQG�HIIHFWV�LQGLFDWRUV�VXFK�DV�ILVK�DGYLVRULHV��KDELWDW�GHFOLQH�
GLPLQLVKHG�VSHFLHV�GLYHUVLW\��ILVK�NLOOV��DQG�GHFOLQLQJ�SRSXODWLRQV�RI�FRQWDPLQDWHG�VKHOOILVK�DQG
ILVK�

9�& 'UDIW�'HWHUPLQDWLRQ�RI�:KHWKHU�&$$�6HFWLRQ�����$XWKRULWLHV�DUH
$GHTXDWH�WR�3UHYHQW�$GYHUVH�(IIHFWV�WR�3XEOLF�+HDOWK�DQG�WKH
(QYLURQPHQW�IURP�'HSRVLWLRQ�RI�+$3V

,Q�DFFRUGDQFH�ZLWK�VHFWLRQ�����P�����RI�WKH�&$$��(3$�LV�LVVXLQJ��DW�WKH�VDPH�WLPH�LW��
VXEPLWV�WKLV�5HSRUW�WR�&RQJUHVV��D�GUDIW�GHWHUPLQDWLRQ�RI�WKH�DGHTXDF\�RI�WKH�RWKHU�OHJDO
DXWKRULWLHV�DQG�PDQGDWHV�SURYLGHG�E\�VHFWLRQ�����RI�WKH�&$$�WR�SUHYHQW�VSHFLILHG�DGYHUVH
KXPDQ�KHDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�DVVRFLDWHG�ZLWK�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW
:DWHUV���%DVHG�RQ�WKH�LQIRUPDWLRQ�DYDLODEOH�LQ�WKLV�UHSRUW�DQG�LQ�WKH�GUDIW�GHWHUPLQDWLRQ
UHJDUGLQJ�WKH�DGHTXDF\�RI�VHFWLRQ�����DXWKRULW\��(3$�LV�DOVR�LVVXLQJ�D�GUDIW�GHWHUPLQDWLRQ�RI
ZKHWKHU�DGGLWLRQDO�HPLVVLRQV�VWDQGDUGV�RU�FRQWURO�PHDVXUHV��EH\RQG�WKRVH�DXWKRUL]HG�RU
UHTXLUHG�E\�VHFWLRQ������DUH�QHHGHG�WR�SUHYHQW�VXFK�HIIHFWV���7KHVH�GUDIW�GHWHUPLQDWLRQV�DUH
GHVFULEHG�LQ�D�)HGHUDO�5HJLVWHU�QRWLFH�SXEOLVKHG�VHSDUDWHO\�DQG�DUH�EULHIO\�VXPPDUL]HG�EHORZ�

6HFWLRQ�����P�����RI�WKH�&$$�UHTXLUHV�WKDW�(3$�GHWHUPLQH�ZKHWKHU�DGHTXDWH�DXWKRULW\
H[LVWV�ZLWKLQ�WKH�RWKHU��L�H���QRQ�*UHDW�:DWHUV��SURYLVLRQV�RI�VHFWLRQ�����WR�SUHYHQW�VHULRXV
DGYHUVH�HIIHFWV�WR�SXEOLF�KHDOWK�DQG�VHULRXV�RU�ZLGHVSUHDG�HQYLURQPHQWDO�HIIHFWV�UHVXOWLQJ�IURP
DWPRVSKHULF�GHSRVLWLRQ�RI�+$3V�WR�WKH�*UHDW�:DWHUV���,Q�PDNLQJ�WKLV�GHWHUPLQDWLRQ��(3$
UHYLHZHG�WKH�DXWKRULW\�JUDQWHG�E\�WKH�RWKHU�SURYLVLRQV��DV�WKH\�PD\�DSSO\�WR�GHSRVLWLRQ�RI�+$3V
WR�WKH�*UHDW�:DWHUV���,W�VKRXOG�EH�HPSKDVL]HG�WKDW�WKLV�GHWHUPLQDWLRQ�SHUWDLQV�WR�WKH�DXWKRULW\
ZLWKLQ�WKH�&$$�WR�WDNH�DFWLRQV�DV�DSSURSULDWH�WR�DGGUHVV�DGYHUVH�HIIHFWV��

,Q�DGGLWLRQ��(3$�KDV�IRFXVHG�RQ�WKH�DXWKRULW\�ZLWKLQ�VHFWLRQ�����WR�DGGUHVV�WKRVH
SROOXWDQWV�DQG�VRXUFHV�ZLWKLQ�WKH�VFRSH�RI�VHFWLRQ�������7KHUHIRUH��SROOXWDQWV�VXFK�DV�QLWURJHQ
FRPSRXQGV�WKDW�DUH�QRW�RQ�WKH�VHFWLRQ�����E��OLVW�RI�+$3V�DUH�QRW�ZLWKLQ�WKH�VFRSH�RI�WKLV
GHWHUPLQDWLRQ���6LPLODUO\��VRXUFHV�WKDW�DUH�UHJXODWHG�E\�RWKHU�VHFWLRQV�RI�WKH�&$$��H�J���PRELOH
VRXUFHV��RU�WKDW�DUH�DGGUHVVHG�E\�RWKHU�VWDWXWHV��H�J���ZDVWHZDWHU�GLVFKDUJHV��ZKLFK�DUH�DGGUHVVHG
E\�WKH�&OHDQ�:DWHU�$FW��DUH�DOVR�QRW�ZLWKLQ�WKH�VFRSH�RI�WKLV�DGHTXDF\�GHWHUPLQDWLRQ�
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6HFWLRQ�����HVWDEOLVKHV�D�VWDWXWRU\�VFKHPH�E\�ZKLFK�(3$�LV�WR�LGHQWLI\�+$3V�WKDW�PD\
FDXVH�RU�FRQWULEXWH�WR�DGYHUVH�HIIHFWV�WR�SXEOLF�KHDOWK�RU�WKH�HQYLURQPHQW��GHYHORS�VWDQGDUGV�IRU
WKH�FRQWURO�RI�HPLVVLRQV�IURP�VWDWLRQDU\�VRXUFHV�RI�VXFK�+$3V��DQG�DGMXVW�WKHVH�FRQWURO
UHTXLUHPHQWV�DV�QHHGHG�WR�DGGUHVV�DQ\�UHPDLQLQJ�XQDFFHSWDEOH�ULVN�WKDW�PD\�EH�SUHVHQW�DIWHU
LPSRVLWLRQ�RI�VRXUFHV�KDYH�FRPSOLHG�ZLWK�WKH�HPLVVLRQ�VWDQGDUGV���7KH�W\SHV�RI�DGYHUVH
HQYLURQPHQWDO�HIIHFWV�WR�EH�SUHYHQWHG�DUH�GHILQHG�LQ�WKH�$FW�DQG�DUH�EURDG�LQ�VFRSH��

$XWKRULWLHV�SURYLGHG�E\�RWKHU�SURYLVLRQV�RI�VHFWLRQ�����WKDW�PD\�EH�SDUWLFXODUO\�UHOHYDQW
WR�WKH�*UHDW�:DWHUV�SROOXWDQWV�DQG�VRXUFHV�DUH�EULHIO\�VXPPDUL]HG�EHORZ�DQG��DV�VWDWHG�HDUOLHU�
DUH�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�WKH�)HGHUDO�5HJLVWHU�QRWLFH���6HFWLRQ�����DXWKRUL]HV�(3$�WR�

� ,GHQWLI\�DQG�OLVW�DGGLWLRQDO�DLU�SROOXWDQWV�WKDW�PD\�FDXVH�DGYHUVH�HIIHFWV�GXH�WR
DWPRVSKHULF�GHSRVLWLRQ��VHFWLRQ�����E���

� ,GHQWLI\�DQG�OLVW�DQ\�VWDWLRQDU\�VRXUFH�FDWHJRU\�WKDW�HPLWV�SROOXWDQWV�ZLWK�WKH
SRWHQWLDO�WR�FDXVH�DGYHUVH�HIIHFWV��VHFWLRQ�����F���

� (VWDEOLVK�D�OHVVHU�TXDQWLW\��H�J���EHORZ�WHQ�WRQV�SHU�\HDU�IRU�D�VLQJOH�SROOXWDQW�
HPLVVLRQ�UDWH�IRU�GHILQLQJ�PDMRU�VRXUFHV�EDVHG�RQ�VHYHUDO�IDFWRUV��LQFOXGLQJ
SHUVLVWHQFH�DQG�SRWHQWLDO�WR�ELRDFFXPXODWH��VHFWLRQ������D������

�� 3URPXOJDWH�SHUIRUPDQFH�VWDQGDUGV�EDVHG�RQ�EHVW�SHUIRUPLQJ�WHFKQRORJLHV�IRU
PDMRU�VRXUFHV�DQG�OLVWHG�DUHD�VRXUFHV��VHFWLRQ�����G����DQG

�� 5HTXLUH�DGGLWLRQDO�FRQWUROV��EH\RQG�WKH�VHFWLRQ�����G��VWDQGDUGV��DV�QHFHVVDU\�WR
SURYLGH�DQ�DPSOH�PDUJLQ�RI�VDIHW\�WR�SURWHFW�SXEOLF�KHDOWK�RU�WR�SUHYHQW�DQ
DGYHUVH�HQYLURQPHQWDO�HIIHFW��VHFWLRQ�����I�����

%DVHG�RQ�LWV�DQDO\VLV�RI�WKHVH�DQG�RWKHU�VHFWLRQ�����SURYLVLRQV��(3$�KDV�LVVXHG�D�GUDIW
GHWHUPLQDWLRQ�WKDW�VHFWLRQ�����DXWKRULW\�LV�DGHTXDWH�WR�SUHYHQW�VHULRXV�DGYHUVH�HIIHFWV�WR�SXEOLF
KHDOWK�DQG�VHULRXV�RU�ZLGHVSUHDG�HQYLURQPHQWDO�HIIHFWV�DVVRFLDWHG�ZLWK�WKH�GHSRVLWLRQ�RI�+$3V
WR�*UHDW�:DWHUV���&RQVHTXHQWO\��(3$�DOVR�KDV�LVVXHG�D�GUDIW�GHWHUPLQDWLRQ�WKDW��DW�WKLV�WLPH��QR
IXUWKHU�HPLVVLRQV�VWDQGDUGV�RU�FRQWURO�PHDVXUHV�EH\RQG�WKRVH�DXWKRUL]HG�XQGHU�WKH�RWKHU
SURYLVLRQV�RI�VHFWLRQ�����DUH�QHFHVVDU\�DQG�DSSURSULDWH�IRU�VWDWLRQDU\�VRXUFHV�RI�+$3V�WR�SUHYHQW
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